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VASCULAR FRAGILITY AND PERMEABILITY AS INFLUENCED BY 
VARIOUS AGENTS 


I A Description op \n Experimental Method and oi the Effects of 
Various Substances Related to Vitvmin P 1 

GEORGE J MUOVSKI.A J LESSFR, HOMER C LAW SON , HERBERT O CARXE 
and C H THirNES 

Department of Pharmacology School of Medicine , bmiersily of Southern 
California, Los Angeles 

Received for publication July 15 1943 

Szent Gyorgy’s report (1) of a new vitamin, which he designated as the per 
meabihty vitamin (utamm P) followed the clinical observation that aconcen 
trate of paprika controlled hemorrhages m patients who did not respond to 
utamm C He then found that an extract of lemon had the same effect as 
paprika (2, 3) This mateml, which he called ‘ citrin” was thought to be a 
mixture of heaperidin and eriodict} ol glj coside Altogether, Szent Gj org> l and 
his associates treated 3 cases of vascular purpuia, 4 cases of thrombocytopenic 
purpura, 7 cases of infectious diseases, 2 cases of diabetes mellitus and 1 case of 
m> xedema 

Scarborough nnd Stew ard (4) and Scarborough (5) treated a number of cases 
of patients who showed an increase in capillary fragility, based upon dietary 
deficiencies, and who showed no improvement on addition of vitamins A, B lf C 
or D to the diet They used oianges, n, crude hespendm from v alencia oranges, 
a pyridine extract of the crude hespendm, and lemon juice, and an injectable 
extract of lemons made according to Szent G> orgv i’s method for “citrin’ All 
were effective in diminishing cutaneous vascular fragility Vascular fragility 
was determined either by the positive pressure method wherein a blood pre c sure 
cuff is applied to an extremity and inflated to a pressure between venous and 
arterial blood pressure, or by applying suction to sev cral restricted areas of skin, 
for a period of one minute 

Rapaport and Klein (G) reduced cutaneous vascular fragility m allergic children 
with ‘ calcium eriodictatc” and Goldfarb (7) rehev cd cases of psoriasis with 
* citnn crystals” and with an aqueous extract of whole lemon, called “citnn 
lemonade” Unfortunately, the true chemical nature of “calcium enodictate” 
and of “citrin crjistols” is not established 

Our investigations on vitamin P began with a water soluble extract of lemon 
peel, designated as A 52 1 his w e found to have definite pharmacological prop 

erties, in that it caused an acetj Ichohne like depression of blood pressure m cats 
and rabbits, and altered rhj thm of the isolated frog heart (8) Armentano (9) 
reported a lowering of blood pressure with citrin Similar blood pressure effects 

1 Aided by grants from the California Fruit Growers Exchange and from Abbott Labora 
tones and by \V P A Project number 165 1-07 234 

1 
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have been observed here with crude orange hesperidin but not with purified 
hesperidin. - 

In view of the clinical reports on alteration of vascular permeability or fragility 
by various citrus products, one of us 3 investigated three methods for the experi- 
mental study of this problem. First, because of the supposed relation between 
the adrenals and permeability, A-52 was tested for a possible effect on general 
tissue permeability as follows: young rats were adrenalectomized and given a 
daily subminimal dose of desoxycorticosterone 4 by subcutaneous injection in 
sesame oil; half of these rats received daily subcutaneous doses of lemon product 
A-52 and the other half received daily injections of equal amounts of saline solu- 
tion. Both length of life after adrenalectomy (survival time) and the rate of 
growth were observed. Because of inconstant results, this method was dis- 
carded although our impression was that growth was more rapid in the group 
receiving A-52. 

The second method, which also gave suggestively positive results consisted 
in applying suction for one minute with a 4 mm. glass tube to the conjunctiva 
of the eyelid of a rabbit and counting resulting petccln'ae. An injection of saline 
was made under the conjunctiva of one lid and of saline containing A-52 under 
the opposite eye lid. These results were also irregular and the method was 
discarded. 

A third method, to be described below, based upon the production of lung 
hemorrhage when mice are subjected to a sudden decrease in atmospheric pres- 
sure to 70 mm, yielded much more definite results and hence has become a stand- 
ard method in this laboratory for testing alterations of vascular fragility by 
various lemon and other products. Hemorrhage is much reduced by oral admin- 
istration of potent materials having vitamin P properties. 

' Source of materials. The three materials investigated were obtained from 
the Research Department of the California Fruit Growers Exchange. Product 
A-52 was obtained by extracting ground lemons with hot ethyl alcohol. The 
alcohol was evaporated, the solution filtered, concentrated and extracted with 
isopropanol. The isopropanol solution was evaporated to small volume and two 
volumes of petroleum ether were added. A precipitate formed which was dried, 
dissolved in hot absolute isopropanol and reprecipitated by chilling. This was 
then dissolved in water. 

Crude hesperidin (108-9) was extracted from orange peel with sodium hydrox- 
ide, the alkaline liquid was screened and neutralized with hydrochloric acid. A 
precipitate formed and this was separated by centrifugation and was dried. 

The sample of purified hesperidin used in most tests was labelled A-30, m.p. 
255-25G. 

Method. White mice of approximately 20 grams weight were used. Sex did not seem 
to influence the results, although any one cxpci iment was carried out on either all males 


-Data to be reported inter. 

» A. J. Lessor. 

* Percorten, kindly supplied by Ciba Pharmaceutical Products, Inc. 
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or all females Hie nmm*tls were taken directly from the stock cape for testing Animals 
subjected to the test later than one hour after administration of the test substance were 
allowed access to food and unttr during the interval The composition of tins stock diet 
was as follows -10 parts yellow corn meal 2S parts ground wholewheat 18 parts dry ektm 
milk 4 parts alfalfa meal, 6 parts linseed meal, 2 parts cod liver oil 1 part dried brewers’ 
5 east, 1 part fish me d 0 5 part sodium chloride 0 5 part calcium carbonate by weight 
Product A 52 was administered both intragastncally by means of a large gauge blunt 
needle passed dow n the esophagus and intrapcritoncally in a dose of one or tw o milligrams 
per gram bod> weight The \oiumc was kept under 1 cc Tests were made atone, two, four 
and twenty four hour intervals Since crude hespendm and purified hcspcridin are not 
water soluble they were suspended in water and given intragastncally m doses of one or 
tw o milligrams per gram weight of mouse Control mice room ed w ntir m c rpml volume 



Fie 1 Photograph of lung of control mouse (left) and lung of mouse ta vtc l with crude 
hcspcridin 168-9 (right) Control lung shows 100 per cent hemorrhage and treated lun^ 
no hemorrhage 

The test was performed b) placing equal numbers of control and test animals m a small 
pyre\ dome topped dcssicator jar, connected b} means of a stop cock and pressure tubing 
to a five gallon bottle Hie large bottle had been pri-Viously ronncctcd to the -vacuum 
line and evacuated to 45 mni of mercury prissurc Tl en the stop cock to the desiccator 
was quickly opened The pressure changed to 70 mm The mici died within lo to 60 see 
onda Sixty seconds after opening tl c stop cock it was again closed the desici ator lid was 
removed 1 minute later and tin mice taken out for examination The abdomen and cl cst 
were quickl} opened and ol servations made of tl c extent of pulmonary hemorrhage 

Control mice subjected to this treatment exhibited hemorrhages into the lungs which 
when seen from tl c lung surface varied in appearance from pctcchiac to diffuse extrav aaa 
tion and wero rated from 0 to + + + + U first drawings of the 1 mgs and hcmorrl agic 
areas were made but later it became possible to classify the degrees of hemorrhage into 
4 grades by direct observation Figure 1 illustrates tl c appearance of a control lung and of 
the lung of an animal given crude hespendm 

The lungs of mice receiving protective materials were citlcr clear of apparent 1 emor 
phage or exhibited hemorrhage of much less degree than the control animals 

Results Table 1 summarizes the data The figure* representing dcgiec of 
hemorrhage v\ ere obtained by a\ cragtng the group and multiply ing by 25 Com 
plete hemorrhage then had a \alue of 100, complete piotcction, a value of 0 


T^BLE 1 

•Summary of degrees of pulmonary hemorrhage as influenced by tartous forms of “vitamin P ’ 


AVERAGE DECREE OF PULMONARY HEMORRKACE 


TSATlON 

1 hour 

2 hours 

4 hours 

24 hours 

FOR A 52 

A 52, 1 mgm /gm 
mtragastn 
call} 

n (6) 

25(3) 

(3 hrs ) 

100 (4) 

100 (4) 

75(7) 

Crude hesperidin 
168-0, 2 mgm / 
gm mtragas 
trically 

17(9) 

Con 

85 (10) 


Con 

70 (5) 

Con 

70 (6) 

28(7) 

Con 

41 (7) 


Purified hespen 
din A 30, 1 

mgm /gm in 
tragastncall} 

02 (3) 

50 (3) 








Purified hesperid 
in A 30,2ragm 
/gm mtragas 
trically 

91 (9) 

67 (10) 

75 (3) 

40(3) 

50 (7) 

01 (7) 

35 (6) 

43 (7) 



* Controls for V 52 were not tested at the same time as the treated animals With the 
hesperidin preparations, control and treated animals were tested simultaneous!} Num- 
bers in parenthesis arc the actual number of mice for each test 


TABLE 2 


Influence of crude hespertdin on pulmonary hemorrhage m individual mice 



2 MGM /CM 

CONTROLS 

1 hour 

+ 

+++* 


0 

++++ 


0 

++ 


0 

+++ 


+ 

-b-b-b 


+ 

+++ 


+ 

++++ 


+ 

++++ 


+ 

++++ 



++++ 

4 hours 

++++ 

+ 


+ 

++++ 


++ 

++++ 


d — bd — b 

++ 


++4- 

*bd — bd - 



++++ 

24 hours 

+++ 

++ 


+ 

+ 


++ 

++ 


db 

++++ 






db 





* Plus signs indicate degree of hemorrhage, db indicates verj slight hemorrhage In 


table 1 , each d- is given a value of 25 and ± a value of 12 5 

4 
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Tabic 2 is inserted to illustrate the mdiv idual \ anabibtj of hemorrhagic responses 
of mice used in testing cmde lies pend in (1G8-9) 

It is apparent that substance A-52 was rapidlj effective but that its effect was 
lost within 3 hours Crude hespendm was also rapidly effective but variable 



A 52 • • , A 30 O 0,168-9, □ □ 

in the duration of effect, m that there was an early protectiv e effect similar to 
that of A 52, which was lost at 4 hours At 24 hours, the calculated figures 
suggest a slight protective effect again Mice receiving punfied hespendm 
exhibited a greater degree of hemorrhage at 1 and 2 hours, and showed ques 
tionable or no protection at 4 and 24 hours 


6 


MAJOVSKI, LESSER, LAWSON, CARNE AND THIENES 


For the benefit of those who may wish to repeat or extend our work, it must be 
stated that there have been occasional control mice which failed to exhibit pul- 
monary hemorrhage. We have made some progress in explaining this peculiarity 
on the basis of presence or absence of food in the stomach and possibly on the 
basis of flow of bile. This will be discussed in detail in a subsequent report. 
Occasionally, axillary or other hemorrhage occurred; in such mice, pulmonary 
hemorrhage was slight, but these animals were discarded from the experiment. 

Discussion. The above results are of interest especially since certain clinical 
evidence points to the control of clinical hemorrhage with “vitamin P” even in 
cases which do not show an improvement in fragility of skin vessels. Our own 
experiments on fragility of skin vessels in experimental animals (10) have not 
progressed far enough to make comparisons with the lung method. It is reason- 
able to predict that the lung hemorrhage technique would give data more nearly 
applicable to internal hemorrhages in patients than would the skin tests. 

Another point of interest is that these unknown substances were effective in 
animals raised on a supposedly complete diet. This diet has been the standard 
stock food for mice and rats in the Department for a number of years, and has 
been shown to be adequate for satisfactory' growth and fertility. In order to 
determine whether this stock diet contains “vitamin F” a colony of mice is now 
being given the Sherman-La Mer diet relatively free of flavones, and the pul- 
monary vascular resistance of these is to be compared with animals raised on the 
stock diet. In view of the responses (blood pressure, heart, vascular fragility) 
to these substances of animals fed a supposedly complete diet, the present experi- 
ments cannot be used to support the concept that the active substance or sub- 
stances should be classed with the vitamins. Results of other types of experi- 
ments, to be reported later, however, more satisfactorily support the vitamin 
nature of these citrus products. 

Finally, it is of interest that the effects with A-52 and with crude hesperidin 
were quickly apparent (1 hour or less). Hiramatsu (11) reported protective 
effects in sensitized guinea pigs 30 minutes after injections of vitamin P. 

SUMMARY 

A method has been developed which can be used to show the protective action 
of certain citrus peel fractions (“vitamin P”) in controlling vascular fragility. 
When air is suddenly evacuated from a jar in which mice are placed, hemorrhage 
occurs into the lungs of these mice. Qude hesperidin obtained from oranges, 
and a water soluble extract of lemon peel afforded protection to mice against 
this hemorrhage for a period of 2 to 4 hours after administration. Pure hesper- 
idin had little or no protective effect, but during the first 2 hours following its 
administration, a greater degree of hemorrhage was apparent. 

The authors wish to gratefully acknowledge the assistance of Mr. Fred 
Petler, technician in the Department of Pathology, in the preparation of the 
color photograph of the mouse lung. 
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STUDIES ON PHYSOSTIGMINE AND RELATED SUBSTANCES 1 

I. QUANTITATIVE RELATION BETWEEN DOSAGE OF PHYSO- 
STIGMINE AND INHIBITION OF CHOLINESTERASE 
ACTIVITY IN THE BLOOD SERUM OF DOGS 

OTTO KRAYER, AVRAM GOLDSTEIN, and FRANK L. PLACHTE 
From ihe Department of Pharmacology, Harvard Medical School, Boston 

Received for publication August 4, 1943 

Since Loewi’s discovery of the inhibitory action of physostigmine on cholin- 
esterase activity (1) the term “eserinized” has entered into general usage. 
The word is usually used to denote experimental conditions involving inhibi- 
tion of cholinesterase activity. In reality, very few investigators have studied 
the actual degree of cholinesterase activity reached in their experiments. For 
example, in the experiments of Feldberg and Krayer (2) and Krayer and Verney 
(3), nothing was known of the intensity and duration of the specific action of 
physostigmine given for the purpose of studying changes of acetylcholine con- 
centration in the coronary blood of dogs upon vagal stimulation. Ammon and 
Voss (4) estimated the change in cholinesterase activity of serum and whole blood 
in a single dog of 17 kgm. which had received 5 mgm. of physostigmine sulfate 
[a dose of the order used by Krayer and Verney (3)], and 20 minutes after the 
injection found the cholinesterase activity in the serum decreased. Jones and 
Tod (5) gave 1.3 mgm. of physostigmine sulfate subcutaneously to 12 patients, 
took a sample of blood within 10 to 35 minutes after the injection, and found a 
decrease in cholinesterase activity of the serum upon comparing it with normal 
serum activity. Manning, Lang, and Hall (6) were the first to follow the 
degree of cholinesterase inhibition of serum in dogs after the injection of single 
doses (0.05 to 0.1 mgm. per kgm. intravenously; 0.25 mgm. per kgm. subcutane- 
ously) and during the continuous intravenous administration of 1.6G micrograms 
of physostigmine sulfate per kgm. per minute. The effect of continuous in- 
travenous infusion upon cholinesterase activity in cats was examined by Rentz 
(7), who compared the action of 0.5 to 60 micrograms of physostigmine salicylate 
per kgm. of body weight per minute with that of methylene blue and trypa- 
flavin. 

We have found no record of sufficiently comprehensive work giving the 
detailed time course of the inhibition of serum cholinesterase activity after single 
doses of physostigmine, nor any comprehensive work relating the rate of con- 
tinuous infusion to the level of inhibition when the animal organism, with 
regard to the physostigmine concentration, is in a state of dynamic equilibrium 
such that the serum cholinesterase activity remains at a constant level. The 
present experiments are a study of the quantitative relation between the amount 

1 These studies were supported by Grants from the Ella Sachs Plot?. Foundation and 
from the William \V. Wellington Memorial Research Fund. 
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of phjsostigmme administered and the resulting decrease in cholinesterase 
activity of the blood serum of dogs after single injections and during continuous 
infusions of phv sostigmmc ^ahcjlatc 

Methods The experiments were conducted m ndult dogs weighing 18 to 27 5 hgm 
Animals of this size were selected because samples totalling as much as 150 cc of blood 
had to be taken during the course of the experiment Chloralose anesthesia w as abandoned 
after a short triat because an excessive amount of saline was necessary to dissolve the re 
pcated doses needed during a continuous infusion experiment Satisfactory anesthesia was 
induced bj 0 04 grams of nembutal per hgm of body weight mtraperitoneallj and main 
tamed bj 0 1 to 0 2 gram doses in 20 to 50 cc of 0 0% sodium chloride solution infused into 
the left femoral vein as needed In control experiments wc found no significant change in 
scrum cholinesterase activity during many hours of nembutal anesthesia The animals 
were placed on a warm tabic rectal temperature was recorded, and care was taken to 
maintain bodj temperature as ncarty constant os possible throughout the experiment 
Respiration was spontaneous except for short periods in n few experiments Respiration 
rate and heart rate were counted frequentlj Except m dogs that were to survive, a can 
nula was placed in the left femoral arterj and connected to a mcrcurj manometer blood 
pressure records were taken at hourly intervals The hematocrit of cverj blood sample 
was measured and enough 0 9% sodium chloride solution was infused to prevent hemo 
concentration 

Serum cholinesterase was determined b> the manometne method of Friend and Krajcr 
(8) The reaction mixture contained 22 2% serum and 2 7% acctvlchohnc bromide 1 buffered 
to pH 7 4 at 38°C The absolute units represent millimoles of carbon dioxide produced per 
liter of reaction mixture in 20 minutes (Our units X 13 5 * millimoles of acetylcholine 
h) drolj zed per liter of scrum per hour at pH 7 4 and 3S°C ) Enzj matic hj drolj sis proceeds 
at a maximum and constant velocity during this period The enzyme activity is therefore 
tl c limiting factor throughout 

Straus and Goldstein (9) have studied the effect of dilution upon the percentage activity 
of an enzjmc in an enzjme inhibitor sjstem and according to their findings the cholm 
esterase physostigmmc sjstem falls into a zone of behavior in which dilution is a critical 
procedure and reduces markedly the degree of inhibition, thus actual values as observed in 
the reaction mixture of the gas annljzer require correction to true serum cholinesterase 
activity values The significance of this correction and of certain others xvitt be discussed 
full) below together with their limitations and probable inaccuracies Unless otherwise 
stated all activity values mentioned in tho text of this paper are corrected 

Blood samples of 10 cc each were taken under liquid paraffin from the exposed left jugular 
vein The blood was defibnnated, centrifuged and the serum stored at 6°G from 1 to 21 
hours until the determinations were made No measurable change in physostiginine con 
centration (decrease in inhibition of cholinesterase activity ) occurs during this storage 
period at a low temperature 

Control blood samples were obtained from a foreleg vein one to three dajs before the 
experiments and again from the jugular vein after anesthesia but before phj sostigmmc 
was given These as a rule were within 10% of each other and were often much closer 
Their average was considered the normal’ cholinesterase activity, and variations from 
this were expressed in percent of the normal \ single 200 cc bleeding under anesthesia 
performed at the beginning of a control period (see figure 1) had no demonstrable effect on 
cholinesterase activity in 5 hours This volume of blood is larger than the sum of all the 
10 cc samples taken in anj other experiment 


*Thc acetylcholine bromide used in these experiments was generously provided bv 
Hoffmann La Roche Inc , Nutley N J 
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Physostigmine salicylate* dissolved in 0.9% sodium chloride solution was used in all 
experiments except experiment 17. Some of the single injections were made into a foreleg 
vein, the others into a femoral vein. Single injections were made slowly during 30 to 120 
seconds, and the time of sampling was measured from the end of the injection. The con- 
tinuous infusion was made through a cannula introduced into a side branch of the right 
femoral vein, with its tip just reaching the larger vessel. Physostigmine thus introduced 
was at once washed into the general circulation. Doses from 0.02 to 62.8 micrograms per 
kgm. per minute were administered by using various concentrations of the drug injected 
by a mechanical infusion pump* employing a calibrated syringe operating at infusion rates 
of 2.5 to 20.0 cc. per hour. In each experiment the calculated quantity of fluid injected 
plus that actually remaining in the apparatus agreed within 2% or less of the total amount 
prepared. 

To attain a definite level of serum cholinesterase activity, a given rate of infusion was 
maintained and blood samples were taken at half-hourly or hourly intervals until no further 
drop in cholinesterase activity occurred in two successive samples. The rate of infusion 
was then doubled or quadrupled, and the procedure was repeated. In this fashion from 
one to five separate rates of infusion were given to each of sixteen different dogs, starting 
with the lowest rate of administration in each case (see table 2). The shift from one rate 
to another was accomplished with only a few seconds’ interruption of the infusion. Re- 
filling of the syringe necessitated an interruption of the infusion for not longer than 2 to 3 
minutes. 

In the experiments with single injections intravenous atropine sulfate was given a few 
minutes before the physostigmine salicylate to avoid toxic parasympathetic effects. In 
the continuous infusions these toxic effects were avoided by adding to the physostigmine 
solution 1 mgm. of atropine sulfate per 20 ragm. of physostigmine salicylate. 

In four experiments continuous infusions of physostigmine salicylate were carried out 
in dogs with the kidneys excluded from the circulation. Before the start of the experiment 
the kidneys were approached through a midline abdominal incision, mobilized completely, 
and a double ligature tied around the pedicles. Control blood samples were taken after 
the abdominal incision was closed. After the experiment the kidneys and pedicles were 
removed and inspected for leaks. None were found. 

1. The effect of single intravenous injections of physostigmine. As the relation- 
ship between dose and effect with single doses proved to be very complicated, 
only six experiments in 4 dogs were made. The results are given in table 1; 
experiment I is illustrated in greater detail in figure 1. Experiments 3 and 4 
were done on the same dog and on the same day; the larger dose was administered 
after the serum cholinesterase activity had returned to the normal level. Ex- 
periment 5 followed experiment 2 on the same animal after an interval of one 
week. The experiments, with the exception of 2a, were made with adequate 
doses of atropine sulfate to protect the animals against the poisonous effect of 
marked cholinesterase inhibition. In experiment 2a, a dose of only 0.2 mgm. of 
atropine sulfate was given to the animal intravenously 2 minutes after the end 
of the physostigmine injection. At this time, when cholinesterase activity 
was 7.5% of normal the heart rate was still unchanged, 126 per minute; and 
the respiration rate was 6 per minute (nembutal anesthesia). During the fol- 
lowing 3 minutes the animal became cyanotic, and 5 minutes after the end of the 
physostigmine injection the respiratory rate suddenly increased to 51 per minute 
and respiration became shallow. The heart rate was 112 per minute. The 

3 -The physostigmine salicylate used in these experiments was generously supplied to us 
by Merck & Co., Inc., Rahway, X. J. 

* Constructed by K. Kninzuk, Merck Institute for Therapeutic Research, Rahway, N. J. 
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cholinesterase activity was now 11% of normal. Heart beat and respiration 
stopped simultaneously 8 minutes after the end of the physostigmine injection. 

TABLE 1 


Dogs in nembutal anesthesia. The effect of mlraienous injections of single doses of pkyso - 
stigmine upon the inhibition of serum cholinesterase activity 







Exeetiuc.fr 

cxretiKCHT 

3 

Date of exp . , — .... . 


5-16-11 


4-4-4 J 

5-ZQ-41 

5-23-41 


2* 6 

23 8 

21 0 

19 3 

2t 6 

23 1 

Sex of dog .... 

M 

M 

F 

hi 

M 

M 

Fhysosligmlne salicylate 
(mgm /kgm ) .. . 

0 10 

0 21 

0 24 

1 04 

1 80 

2 00 


0 04 

0 OS 

• 

0 10 

0 20 

0 22 

Serum cholinesterase activ- 
ity, normal initial \aluest 

9 8 

9 4 

12 2 

6 6 

9 8 

8 8 
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serum in per cent of normal 

















Obs 

9 

m 



Corr 

Obs 


m 
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tnintiUi 



B 

■ 

■ 




m 




2 

33 

u 

31 5 

10 

24 

7 5 



21 

G 5 

18 

5 5 

5 

40 

14 

41 5 

16 

33 

11 







G 











22 

7 

10 

52 

22 

49 

21 



10 

0 

21 5 

7 

19 5 

G 

30 

71 5 

47 

61 

32 



24 

7 5 



27 

S 5 

50 







30 

9 5 





60 

80 

68 

73 

50 





3S 

13 

3S 

13 

110 







44 

17 





120 

92 5 

86 

91 

82 5 





43 

1G 

53 

23 

170 







55 

25 





180 

99 5 

99 

91 5 

84 







68 5 

42 

220 







G4 

36 





240 

91 

82 5 

8S 

78 









2 00 











SS 

77 

300 

94 5 

89 

99 

9S 









320 











91 

82 5 

3C0 



9G 5 

93 









380 











94 

89 

420 



100 

10G 









450 











103 

103 

500 











105 

105 

560 











104 

191 


* Two minutes after the injection of physoatigminc a single dose of only 0 2 mgm of 
atropine sulfate was injected 

t These values X 13 5 = millimols of acetylcholine hjdroljrcd per liter of serum per 
hour at pH 7.4 and 3S 6 C , and represent our 100% values 

Se\cral points in regard to the experiments of table 1 need amplification. 
1) A blood sample obtained 2 minutes after the intravenous administration 
of 0 1 mgm. and 0.2 mgm. of drug per kgm. of body u eight contained enough 
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of the alkaloid to depress the serum cholinesterase activity to 10% of normal 
(exp. 2 and 3), while doses 10 and 20 times larger (exp. 1, 4, and 5) depressed the 
serum activity not much more, to about 5 to 0% of normal. It has been re- 
ported (10,11) that there is a relatively slow combination of cholinesterase and 
physostigmine. The apparent lack of this delay period in these in vivo experi- 
ments is probably an experimental artifact. Because of the interval necessary 
for defibrinating the blood, centrifuging the cells, and bringing the serum- 
bicarbonate mixture to equilibrium, the earliest time at which substrate could 
be added was at least 35 minutes after the blood sample was taken. Thus, the 



TIME IN HOURS 

Fig. 1. Inhibition of Sebum Cholinesterase Activity by a Single Dose of 
Physostigmine Salicylate 

Dog, male. 19.3 kgm. Nembutal anesthesia. At signal 1, 200 cc. of blood was with- 
drawn. At zero time, 1.04 mgm. of physostigmine salicylate per kgm. was injected intra- 
venously -.together with 0.1 mgm. of atropine sulfate per kgm. At signal 2, slight fascicula- 
tion of striated muscles appeared. At signal 3, fasciculation was very marked and 
widespread. At signal 4, fasciculation began to subside, and at signal 5 it had entirely 
disappeared. 0 = observed cholinesterase activity. O = corrected cholinesterase 
activity. 


results on samples taken within the first half-hour or more are a good reflection 
of serum physostigmine concentration, but not of the true inhibition existing 
in vivo at the time when the sample was drawn. 

2) The rate of recovery with the dosage range employed is strikingly rapid. 
As with any substance given intravenously, the shape of a curve relating con- 
centration to time is dependent upon two main factors: (a) There is the initial 
rapid fall in concentration due simply to distribution of the substance into the 
extravascular tissues of the body; and (b) the fall in concentration due to excre- 
tion, inactivation, or destruction of the drug. It can easily be seen, however. 
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from figure 1 and from exp 4 and 5 of table 1 that the initial steep nse did not 
occui with the large doses of phy sostigmme and that the renim cholinesterase 
activity stiyed for 30 minutes below 10% of noimal probably distribution 
was then complete and recovery fiom then on was a truei picture of destruction 
of phy sostigmine than during the initial part of the recovery curve after the 
smaller doses Since distribution and destruction presumably start simul 
taneously , the time action curves plotted from the data of table 1 give a com 
posite picture which is of significance in describing the over all couise of recovery 
but which cannot be used for a detailed analysis of mechanisms of destruction 
of pliy sostigmme mv olved 

3) The level of serum nctivitv at which various parasympathetic effects 
began could not be determined since atropine was necessary to prevent death 
from the do«cs of phy sostigmme used, and doses of phy sostigmme smaller 
than 0 1 mgm /hgm produced only insignificant and ti ansicnt changes in serum 
cholinesterase activity 

4) Widespread fasciculation of the striated muscles failed to occur with 
the smaller doses (exp 2 and 3) and with the larger doses appeared some 10 to 
15 minutes after the administration of the drug reached a maximum intensity 
about 30 minutes Intel, and disappeared quite uniformly when serum cholin 
esterase activity rose above 25% of normal during recovery (see fig 1) The 
tongue and cremaster were always the first muscles to show the on«et of this 
effect When the scrum recovered to 25% of normal within 20 minutes, they 
were the onlv muscles that showed fasciculation, when, with larger doses of 
phy sostigmme, the scrum activity nt the end of twenty minutes was still below 
25%, the larger skeletal muscles then began to fasciculate 

2 The effect of continuous uitraicnous infusion of physostigmine The pimcipal 
object of this group of experiments was to obtain a steady state of cholinesterase 
inhibition which would eliminate irregularities due to the unknown factors of 
destruction and distribution, the magnitude of winch is difhcult to assess with 
single doses Wc succeeded m attaining lev els of cholinesterase inhibition in all 
of our 10 experiments The expenment from which figure 2 was denved (no 7 
of table 2) illustrates the important details of oui procedure The level of 
cholinesterase activity expressed in peicentage of normal activity was obtained 
bv avei aging the last two oi three determinations that as a rule showed no 
marked change at a given rate of infusion Thus in figure 2 the values at 1, 2, 
and 3 hours gave a scrum level of 31% uncoirectcd or 10% (corr ) at 3 hours 
the do^e was quadrupled, and the values at 4 5, and G hours gave an avciage 
level of 24% uncoirectcd, or 7 5% (corr) of normal A level, once reached, 
could be maintained for as long as the infusion continued Vttamment of a new 
level of inhibition going fiom normal to a lowei degree of cholinestei ise activity , 
as was invariably done in our expenments was found to occur within 60 minutes 
after the change m the rate of infusion Prompt recovery of serum activity at 
a rate dependent upon the level of inhibition always began upon stopping the 
infusion, irrespective of its previous late or duration 

Continuous mtiavenous infusions were given to 1G dogs of which 12 were 
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intact, and 4 had both kidneys excluded from the circulation before the start 
of the infusion. These are summarized in table 2. 

Factors without effect upon the cholinesterase level include the depth and 
duration of nembutal anesthesia, the hematocrit, body temperature, and the 
administration of enough atropine to prevent the major toxic parasympathetic 
effects. Even when large single doses of atropine were given, as in experiments 


NEMBUTAL cm. 01 01 01 01 01 Ol 

VOL CC. 20 25 20 so Z S 50 



5 ! 2 5 I 5 <T 7 5 9 HOW’S 


Fig. 2. Inhibition of Serum Cholinesterase Activity bv Continuous Intravenous 
Infusion of Phvsgstigmine Salicylate 

Dog, female. 21.S kgm. Nembutal anesthesia. From top to bottom: 1. Nembutal in 
grams given intravenously during the experiment. 2. Vol. cc. = amount of 0.9% sodium 
chloride solution administered intravenously together with the nembutal. The horizontal 
bars below the figures indicate the time taken for the intravenous administration. 3. Rec- 
tal temperature in degrees centigrade. 4. Cell vol. =* hematocrit. 5. Blood pressure in 
millimeters of mercury measured with a mercury manometer from the left femoral artery; 
scale on right. 6. Respiratory rate per min. 7. Heart rate per minute. S. Serum cholin- 
esterase activity in percent, of normal; scale on left (uncorrected values). 9. Black horizontal 
bar: From 0 to 3 hours continuous infusion of 3.82 micrograms of physostigmine salicylate 
and 0.19 microgram of atropine sulfate per kilogram per minute At 3 hours the rate of in- 
fusion of the same solution was quadrupled. At 6 hours, infusion was discontinued. For 
further details see table 2, experiment 7. 

2 and 3 (table 2), no effect was noted on the serum level reached; this confirms 
the observation of Manning, Lang, and Hall (6). 

The marked changes in respiratory and heart rates illustrated in figure 2 were 
correlated with depth of anesthesia. With sufficient atropine present the effect 
of changes in the level of cholinesterase activity on respiratory rate, heart rate, 
blood pressure, salivation, vomiting, defecation, and urination was not con- 
sistent. 

Fasciculation of skeletal muscles, especially the tongue and cremaster, was 
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TABLE 2 


Effect of continuous t ntraienous infusion of physosttgmtnc upon cholinesterase activity in the 
blood scrum of dogs 
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TABLE 2 — Concluded 


z 

11 

III 

IV 

V 

! - 

j VII 

| VIII 

IX 

X 

XI 

EXPERIMENT 

DOG 




CHOLINESTERASE 








PHVSO- 

STXG&UXE 

SALICYL- 

ATE 

PJ9VSO- 




DURA- 
TION 
OP IN- 
FUSION 

TOTAL 


No. 

Date 

Sex 

Weight 

STIGMINE 
SALIC* L- 

ate X 
10" a 

ATROPINE 

SULFATE 

Normal 

CO*. 

xnM/lt 

per 

20 min. 

Inhibition, 

% ol Normal 

OF SOLN. 
INFUSED 
WITH 

ANES- 

THESIA* 



Ob- 

served 

Cor- 

rected 


ALKALOIDS 



mi 


kgm. 

micrograms 
per kgm. 
Per win. 

mots per 
kgm. per 
hr. 

micrograms 
per kgm. 
Per min. 




minutes 

cc. Per 
hour 


m 

5-2 

M 

20.0 

2.5 



S.7 



Ha 


N 





5.0 

726.0 





179 

■ 






10.0 

1452.0 



25 


■m 

10.0 






20.0 

2910.0 



22 


175 

5.0 






40.0 

5810.0 

1.00 


21 

6.5 

180 

10.0 


a 

5-9 

F 

19.2 

3.93 

570.0 

0.20 

11.2 

36 

12.0 

176 

2.5 

N 





7.S5 

1140.0 

0.39 


30 

9.5 


5.0 






15.70 

22S0.0 

0.79 


23 


184 

10.0 






31.4 

4560.0 

1.58 


21 


181 

5.0 






62. S 

9120.0 

3.15 


16 


180 

10.0 


13{ 

9-13 

M 

27.8 


29.0 

0.01 

8.5 

79 

60.0 

342 

5.0 

N 





0.4 

58.1 

0.02 


(3) 


180 

10.0 






0.8 

116.0 

0.04 


60 

31.0 

224 

20.0 


m 

9-16 

M 

25.1 

0.5 

72.6 

0.025 

10.2 


46.5 


5.0 

N 





1.0 

145.2 

0.05 



34.5 

180 

10.0 






2.0 

290.0 

0.1 



21.0 

178 

20.0 






4.0 

581.0 

0.2 


46 

18.0 

180 

20.0 


m 

9-9 

M 

21.2 


726.0 

(4) 

6.5 

34 

11.0 

180 

5.0 

N 






1452.0 



24 

7.5 

180 







■ 

2910.0 





44 



m 

9-19 

M 


0.15 

21.8 

0.007 

6.2 



181 

5.0 

N 





0.3 

43.6 

0.015 


76 

54.5 








10.0 

1452.0 

0.5 


28 

9.0 

fill 

5.0 






40.0 

5810.0 

2.0 


14 

4.0 

178 | 




* N = Nembutal; C = Chloralose. 

| These values X 13.5 = millimoles of acetylcholine hydrolyzed per liter of serum per 
hour at pH 7.4 and 3S°C. 

i In experiments 12 through 15 the kidney pedicles were ligated. 

(1) Three doses of atropine sulfate, 2, 2, and 0.8 mgm., were given during the last GO 
minutes of second period of infusion. 

(2) Three doses of atropine sulfate, 2 mgm. each, were given during the last 60 minutes 
of second period of infusion. 

(3) All estimations of this level were lost because of leak in gas analyzer. 

(4) 0.5 mgm. atropine sulfate was injected intravenously at minute 104 of first period 
of infusion. The animal died during the third period. 
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usually present at some time if levels below 15% of normal serum activity weie 
maintained This effect (see figure 2) commonly appeared some time after 
a gi\ en scrum level v as reached 

The essential data relating rate of infusion of phy sostigmine salicylate and 
corresponding percentage of uninhibited cholinesterase activity are assembled 
in table 2 In figure 3 the \ alues of columns VII and VIII arc plotted against 
the logarithms of the rates of infusion of column IV As can be seen from table 
2 and figure 3, the serum cholinesterase activity was dcteimined for infusion 



Pic 3 Relation between Rate of Intravenous Infusion of Physostiomine and 
Percentage Inhibition of Cholinfsti rang Activity in the Sfrum of Docs 
in V ivo 

The logarithm of the rate of infusion, as given in tabic 2 column 1\ , is plotted against 
the level of inhibition as given m table 2 columns \ II and a III © = observed values 
© = observed values obtained with kidneys ligated O — corrected values 9 — cor 
rected values obtained with kidneys ligated 

rites over a range of 1 3,000 (0 02 to 62 8 microgiams per hgm pei minute), 
giving activ ities from 100% down to 5% of normal The standard dev mtion of 
points from the solid line (curve of unconccted figures drawn fice hand) is 
=fc3 3% of normal activity , corresponding to =1:0 14 of the logio of the late of 
infusion, m the middle portion of the curve This means that one can alter a 
given rate of infusion in this pait of the curve b\ loughly 25% (and bv con- 
siderably more at the tw o extremes) w ithout significantly changing the obsen ed 
activ ltv The three determinations of experiment 4 are the onlv values that 
aie out of line and have been excluded from figuie 3 
1 he shape of the curve in hgme 3 bears consideiation At extremely high and 
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low rates of infusion the slope falls off to zero. In simple terms this is the neces- 
sary consequence of the fact that the cholinesterase activity cannot be made 
greater than normal or less than zero. Most graded physiological responses have 
this sigmoid form of dose-effect function, but in relatively few reactions is it 
experimentally possible to explore the whole range in vivo. 

In agreement with earlier observations by Friend and Krayer (8), column VI 
of table 2 shows a range of initial serum activities from 5.5 to 11.2 in this series 
of dogs; no correlation greater than the experimental error could be made 
between the initial values and the percentage activity achieved with a given 
rate of infusion of drug. 

That there was a reproducible relation between rate of infusion per kgm. 
and level of serum activity reached in various animals is, in our opinion, the 
most important result of our investigation. The reproducibility of this function 
is unusual for experiments in vivo, and enables one, we believe for the first time, 
to reach and maintain a given level of serum cholinesterase inhibition with a 
predetermined rate of continuous physostigmine infusion. This provides a tool 
of obvious physiological value in the quantitative study of reactions mediated 
by acetylcholine. 

The exclusion of the kidneys from the circulation did not modify distinctly the 
level of activity attained with any given rate of infusion. From the urine of the 
dog given a total of 27 mgm. of physostigmine salicylate in experiment 9 of 
table 2 we were able to extract material the inhibitory' effect of which on serum in 
vitro corresponded to 0.25 mgm. of physostigmine salicylate. This represents a 
minimum value, since we did not determine the percentage recovery for the 
method of extraction used. Heubner (13), using physiological assays, and Mc- 
George (14), measuring cholinesterase inhibition, were likewise able to recover 
only small fractions of active material from the urine of dogs and human beings 
respectively. That physostigmine is excreted by the kidney is also shown 
by the work of Ozawa (15), who reported a ratio for the glomerular:tubular 
excretion of this drug in the toad. If the kidneys accounted for a significantly 
large fraction of the total rate of disposal, their exclusion should produce at 
a given rate of infusion a lower level of serum cholinesterase activity than that 
obtained in animals with active kidneys. This would be revealed in our method 
of analysis. Our results, therefore, indicate that the kidneys account for only 
a minor fraction of the total disposal of physostigmine. 

Within the range of infusion velocities studied, i.e., 0.02 to 62.8 micrograms 
per kgm. per minute, a constant rate of infusion for several hours will decrease 
the serum cholinesterase activity to a level which remains constant for the 
duration of the infusion. Under these conditions a steady' state is achieved 
in which the dog must be disposing of the drug at the same rate as it is being 
administered. We could therefore with equal justice label the abscissa of the 
graph in figure 3 “rate of destruction” instead of “rate of infusion.” 

It is obvious from this that the rate of destruction in the animal organism 
increases with the increase in physostigmine concentration and that the incre- 
ment in the rate of destruction becomes very' great when cholinesterase activity 
in the serum is decreased below 30% of normal. 
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TABLE 3 


Recoiery of cholinesterase aclttily in the blood serum of dogs after stopping continuous tnfra- 
icnous infusion of physostigmine salicylate 



1 The itio time value of chohncsicrasc aclmtj is the avetage % alue (of table 1) for the 
level of lowest activity 



Tig 4 Recovery of Cholinesterase Acrmn in Serum in \ itro and in l ivo aftfr 
Inhibition bt Physostigmine Salicylate 
The drawn cur\c represents the corrected recoverj of cholines tc rase activity m tifro 
of horse serum inhibited bj physostigmine and incubated at 3S°C Circles 1 to 7 = cor 
rected rccoverj figures of cvperimints 1 to 7 of table 3 • = corrected recoverj figures of 

the \ avis refers to the in t tiro recoverj curve 
' t is represented bj the position of the first activity 

table 1 starts with the 10 minute value and ends 


with the 3S0 minute value 
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3. The recovery of seruvi cholinesterase activity after inhibition by physostigmine. 
In seven of the experiments of table 2 the recovery of cholinesterase activity was 
followed for up to 3 hours after discontinuation of continuous infusion of physos- 
tigmine salicylate. The results are assembled in table 3. They show that re- 
covery begins immediately after stopping the infusion and proceeds at an initial 
rate which is the slower, the greater the inhibition. In an attempt to correlate 
the results of the experiments with physostigmine in vivo with the observations 
made on the recovery of the activity of serum cholinesterase from inhibi- 
tion by physostigmine in vitro, we have tried in figure 4 to fit the cor- 
rected values of the seven experiments of table 3 to the corrected recovery 
curve of cholinesterase activity of horse serum inhibited by physostigmine and 
incubated at 38°C. in vitro [see Ellis, Plachte, and Straus (16), figure 4, dotted 
curve]. For comparison we have also plotted the corrected inhibition values of 
experiment 5 of table 1, which represents the recovery in vivo after the injection 
of a single dose of 2.6 mgm. of physostigmine salicylate per kgm. The close 
agreement of the results leads us to assume that the mechanism involved in the 
recovery in vivo after continuous intravenous infusion and after large intravenous 
single doses may be similar to that in vitro. 

DISCUSSION' 

I. The validity of cholinesterase determinations in inhibited scrum. Any study 
of the effect of drugs as inhibitors of enzyme systems involves direct or indirect 
determination of enzyme activity in the absence and presence of the given in- 
hibitor. Such a determination may be based upon measurement in vivo of a 
physiological effect mediated by the enzyme system; or the enzyme itself may be 
studied in vitro, its activity being determined by biochemical methods. One of 
the enzymes studied most extensively by the latter method is cholinesterase, 
which is present in serum as well as at specific points of localization in the tissues. 
The literature is replete with investigations of its properties and functions and 
particularly its inhibition by compounds related to physostigmine. In the course 
of such investigations in this laboratory discrepant results obtained by different 
technical methods led to a thorough analysis of the laws governing the reversible 
combination of inhibitors with enzymes. It was found that the method of 
determination of enzyme activity in the presence of an inhibitor has much to do 
with the degree of inhibition which is observed, and that, in addition to the 
enzyme concentration and the amount of inhibitor employed, a number of un- 
controlled variables are present which must either be eliminated or corrected for, 
if actual degrees of inhibition in vivo are to be evaluated from experimental 
observations of enzyme activity. 

The following discussion is based upon theoretical and experimental work (17) 
which will be published elsewhere in greater detail. We will summarize briefly 
what applies specifically to the choiinesterase-physostigmine system and is 
essential for an understanding of the necessity for and the significance of the 
corrections made in this paper for observed cholinesterase activity values. 

The validity of a serum cholinesterase determination in the presence of an 
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inhibitor — that is to s'*} , its coircspondence to the actual degice of inhibition m 
the serum of the animal before withdrawal — depends upon the following 

1 Combination There is evidence, as was mentioned nbo\e, that the attain 
ment of cquihbuum between pin sostigmmc and cholinesterase in a} be a slow 
process Thus serum withdrawn «oon aftei injection of the dnig may continue 
to decrease in ncti\ ity until the deteimmation is made 01 equilibrium is reached 
This effect would be noted in single do e expenments, but not, of course, when a 
continuous infusion of phy sostigmine had been maintained Combination should 
be most rapid with high concentrations of drug and slowest with low concentra 
tions How oxer, since the total change at low concentrations is small (e g , from 
full activity to 90%) it need concern us less than the considerable change taking 
place slow ly at medium degrees of inhibition Thus, inhibition to 80% of normal 
m serum at the time of withdrawal may change to 70% or less bv the time the 
determination is made, and false low activity will be found This can be con 
firmed experimentally , but as a matter of fact, ev cn at a <?cmm concentration of 
5% at 38°C , combination is complete within two hours, and m whole scrum this 
equilibrium is reached much more rapidly Therefore, prov ided there is a delay 
of an houi or so before determination, this error can be ignored, the usual time 
spent m preparation of the serum at room temperature and stoiagc in the refng 
erator should be ample for this purpose 

2 Destruction The breakdown of phy&ostigmmc in scrum and in buffered 
salt solutions is treated fully m one of the following papers (1G) Serum con 
taming inhibitor may be safely kept at 6° for at least 24 hours w ithout change 
m inhibition At 38° in whole scrum the destruction rate is appreciable in the 
mid range of inhibition and even in 5% serum it is measurable over a penod of 
a few hours An appropriate cmpmcal correction is made for destruction 
wherever the duration of incubation before deteimmation makes this significant 
(exp 17, fig G, and exp 18, table 4 below) In oil the experiments described 
above, howevei, determinations were made without any lengthv incubation 
period and no such coircctions were applied 

3 Dilution lint dilution of a reversible enzyme inhibitor system leads to 
dissociation with consequent decrease in inhibition was shown theoretically by 
Straus and Goldstein (9), w ho confirmed then conclusions w ith the cholinesterase 
physostigmine system This means that the enzyme activity as determined in 
diluted serum is highci than it actually was in the animal s ^eium before with 
drawal The dilution efTcct foi a given enzyme inhibitor system depends pn 
manly upon the factor of dilution, and to a lesser extent upon the enzyme 
concentration (i c , enzy me centers) 1 he dilution corrections pioposed by these 
authors were based upon values of cnzvme concentiation ( E ) and dissociation 
constant (A/) derived by them from experiments with hoive serum Although 
it is cleir that the same constants will not applv to dog renim it is a fact that 
small differences in these constants vwll affect the dilution corrections but little, 
It has therefore seemed rei^onablc to use then figure 3 directly for correction of 
dat i m the expenments pre ented above It now seems likely that the constants 
refened to especially the enzyme concentiation (C), are somewhit too large 
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The effect of this error, if significant, will be to make the present dilution correc- 
tions too small and our data will be under-corrcctcd for dilution. 

The work of Straus and Goldstein dealt only with equilibria and did not con- 
sider the time required for attainment of the dilution effect. As a matter of fact 
the dissociation occurring on dilution is a slow effect and significant errors may 
result if determinations made soon after dilution are fully corrected back to whole 
serum. Such errors would be in the nature of over-corrections so that the calcu- 
lated inhibition in the original serum would be greater than was actually the case. 
The simplest way to avoid this time effect is to allow the serum to stand suffi- 
ciently long (incubated at 38°C. and corrected for destruction, or stored at C°) 
after dilution for the dissociation to be complete (exp. 18, table 4). It is also 
possible to establish empirical correction curves relating inhibitions at a given 
time after dilution of a serum-inhibitor mixture to those produced by the equiva- 
lent concentration of a drug added directly to diluted serum. 

4. Competition. In determining the degree of inhibition of an enzyme by com- 
parison of uninhibited with inhibited enzyme in respect to the rate of destruction 
of added substrate, one makes the implicit assumption that the substrate itself 
does not significantly alter the observed inhibition; that is to say that inhibition 
is non-competitive. As a matter of fact several investigators have reported the 
competitive nature of the system under discussion here. We have confirmed this 
and have been able to make quantitative studies of the mechanism of this com- 
petitive inhibition. When cholinesterase and physostigmine are first allowed to 
stand together (as in the preceding experiments) and then acetylcholine is added, 
there is displacement of a certain amount of inhibitor from combination with 
enzyme even during the twenty-minute period required for the determination. 
Because of this definite and measurable increase in enzyme activity during the 
determination, the observed 3-23 minute (after substrate addition) values are 
always in error on the side of too little inhibition. Unfortunately, the data com- 
monly used for construction of curves which yield values for the constants K and 
E are themselves subject to this error, so that these constants (as previously 
mentioned) are actually somewhat too large. 

Before addition of any substrate, a typical sigmoid curve exists, relating poten- 
tial enzyme activity to the logarithm of the inhibitor concentration (NC, Fig. 5). 
Some time after addition of substrate, when the new competitive equilibrium has 
been attained, an entirely new curve relates these two variables; this competitive 
equilibrium curve lies considerably to the right of the first (C, fig. 5). The curve 
OBS, figure 5, based on 3-23 minute determinations, lies between the other two, 
since the observed values of enzyme activity have been “caught” in transition 
between their initial and final values. 

There are three legitimate ways to handle the competition effect. All require 
a reasonably good value for the constants E and K, obtained by methods not 
employing the inaccurate 3-23 minute curve. 

a) The most obvious is to allow sufficient time after addition of substrate and 
before any reading is made so that the value obtained will represent a point on 
the competitive equilibrium curve (C). One can then calculate what inhibition 
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would be produced in absence of substrate by the same concentration of inhibitoi, 
and this point on the non-competitive cunc (NC) will be the correct serum 
inhibition This method has been used in cxpenment 18, table 4 below , but it is 
open to a number of technical objections and greatly prolongs the time required 
for the determinations 

b) The second method is empirical and is useful where, for example, dilution 
is proceeding as well as competition dunng the 3-23 minute period, so that 
separate collections become impossible Here an empirical cun c is constructed, 
relating inhibitoi concentrations to enzyme activity, and experimental readings 



hr . 5 Lffect of Competition dy Substrah ov tiil Equilibrium Curyi Rei atino 
Log,o of Inhibitor Concentration in Reaction Mixture to Evzime Activity 
NC = the theoretical non compel itivc equilibrium curve m absence of aubstratc 
Ollb = the curve of observed activity 3-23 minutes after addition of substrate C => the 
final competitive, equilibrium curve with substrate present These curves illustrate the 
principle of competition and arc not to be used in correcting the data presented, since they 
arc based upon determinations in 4 31% scrum in the \\ arburg apparatus 

ate then coirccted directly fiom this cun e down to the true non competitive one 
Hus is the procedure we have used in collecting all the data presented above 
Unfoitunately we could not ainvc at an accuiate estimate of the value of the 
enzyme conccntiation (E), except to place upon it a maximum value of 4 0 X 
10~ 7 m whole scrum This m turn me ins that the corrections we have applied 
to our data by means of the empirical method just described are not entirely 
accuiate We justify this hind of correction on the grounds that the data are 
corrected %n the right direction and to uppioximately the right extent, and that 
consequently the corrected activities are ccitamly ncarei to the truth than were 
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the observed activities. Further, tliere is reason to suspect that we have actually 
under-corrected our data and that the true activities in serum are even lower than 
our figures would indicate. (These considerations do not apply to experiments 
17 of figure 6 and 18 of table 4 below, which are fully corrected as stated under a.) 

c) If one knows the function relating time to enzyme activity at various inhibi- 
tor concentrations, in a system where competition is proceeding, it is possible to 
calculate velocity constants which may then be incorporated in a general equation 
for the correction of 3-23 minute readings back to the time of the addition of 
substrate. 

The following is a tabulation of the errors arising from the various causes 
discussed: 

If combination is not complete when scrum is withdrawn, the observed activ- 
ity is . . . . ... . . too low 

If destruction is appreciable and not corrected for, the observed activity is. .loo high 
If dilution is not corrected for, the observed activity is much too high 

If dilution correction is applied fully before dilution equilibrium is attained, 
the calculated activity is . . too lou> 

If competition is not corrected for, the observed activity is much too high 

In the future one should be able to avoid most of the corrections entirely and be 
accurate about the remainder. Experiments should be done in such a way as to 
eliminate errors due to combination and destruction; this means that whole serum 
should be stored in the refrigerator for a few hours after withdrawal. The error 
due to slow onset of the dilution effect can be avoided by allowing time for equi- 
librium to be reached after dilution; the full dilution correction will then be ap- 
plied to the diluted serum-drug mixture. The competition effect, if present in a 
given system, cannot be eliminated as long as substrate has to be used for the 
determination of enzyme activity; but it can be handled satisfactorily by the 
methods just outlined. 

II. Interpretation of experimental results. I. Failure to consider the factors 
just discussed is undoubtedly responsible for the numerous discrepancies to be 
found in the literature with regard to the estimation of inhibited activity of 
cholinesterase even with methods that are based on the same principles as the 
gasometric methods. If the discussion just presented is valid, these discrepant 
values of cholinesterase activity inhibited by the same inhibitor should be brought 
into harmony if the appropriate corrections are applied. 

In experiment 11, part 5, of table 2, G2.S micrograms of physostigmine salicy- 
late was infused and led to an obsei red value of 16% of uninhibited activity when 
the reaction mixture in the Van Slyke gas analyzei contained 22.2% sorum. In 
a comparable experiment (exp. 17, see fig. 6), 50 micrograms of physostigmine 
sulfate (corresponding to 63.7 microgiams of ph 3 'sostigmine salicylate) and 2.5 
micrograms of atropine sulfate per kgm. per minute were infused and the seium 
cholinesteiase activity was determined with the Warburg constant volume 
manometer in which the final seium concentration was 4.5%. The level of 
cholinesterase activity was approximately 30% of normal (uncorrected). The 
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obscta ed \ alucs. of both experiments corrc&pond to a calculated scrum actn ity of 
about 5% of the normal when the appropriate coircction for the dilution is 
applied In a similar lApeument (exp IS) the corrections were rigorously 
applied for destruction and competition as well as foi dilution after the determi 
nations had been made under tircfully controlled conditions The essential 
results arc shown m table 4 lhe degree of inhibition is of the same order as m 
e\pei iment 17, and- the lecoyeiy \ alucs comp ire fa\ orably with those asbembled 
m t ible 3 


TAPLr 4 

Lvp IS 10/11/43 Dog mule 20 5 kgm Nembutal anesthesia Physostigminc 
salicylate 60 4 micrograms and atropmc s ilfutc 3 microgram9 per hgm per minute infused 
intravenously for 2 hours Scrum stored overnight at 1°C , then diluted to 5 0% and 
mewl ited. at for 51 Uoucs Q 2 cc 20% acetylcholine bromide added ta 2 Q cc. of 6% 
scrum and activity observed 3 to 23 minute* thereafter m Warburg constant volume man 
ometer Serum concentration in reaction mixture 4 5-1% Normal cholinesterase activity 
150 4 mM/htcr of serum/hour at pH 7 4 and 3S°C 


hub 

r f * CENT or NORM KL CHOLINESTERASE ACTIVITY 

Msolute 

Relative 

Observed 

Corrected for 
compel t on 

Corrected for 
destruction 

Corrected for 
d lution 

am 

n >u ti 





7 OJ 


93 




7 35 


10a* 




8 00 


101 




8 33 

Infusion started 




9 OS 


31 

20 

20 

<1 

9 3S 


42 

33 

29 

2 

10 3» 


35 

2o 

24 

1 

10 3S 

0 Infusion stopped 




11 38 

60 

40 

30 

28 

2 

12 3S 

120 

54 

4o 

41 

3 

1 3S 

ISO 

71 

03 

5S 

7 

3 20 

2S2 

70 

70 

G5 

9 

4 00 

322 

38 

85 

82 

20 

4 53 

375 

90 

SS 

85 

33 

6 01 

443 

92 

90 

87 

39 


* Average 100% 


1 he continuous infusion data with phy sostigmine s they late obtained by Rentz 
(7) m cats compare fairly well witli our lesults in dog*; It has to be kept in mind, 
however, that his period of infusion of cadi do age w is only about 20 minutes a 
time which is probabh insufficient to bring the animal to a state of dynamic 
equilibrium, especially with low dosages In table 5 we have assembled the 
e* ential data taken from figuie 7 of Rentz’ paper IIis ob ened percentage 
inhibition of seium chohnestu i cti\ ity , obtained fioin reaction mixtures con 
taming 7% seium, wcie collected and the corrected values of icium inhibition 
compaied with the expected conccted pcicentage inhibition values o! dog ^erum 
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from our figure 3. (In none of our experiments in dogs did we observe, as Rente 
did in one of his cat experiments, an increase in cholinesterase activity upon 
infusion of physostigmine.) 

A single intravenous injection of 0.29 mgm. per kgm. of physostigmine sulfate 
(equivalent to 0.37 mgm. of physostigmine salicylate) was given to a dog by 
Ammon and Voss (4). Twenty minutes after the injection the serum cholines- 
terase activity was reported to have been 47% of the normal. As the analysis 
was done by the Warburg method in 1.125% serum the corrected activity of the 
undiluted serum would have been about 2 to 3%. This is lower than the value of 
about 7% in our experiment no. 1 of figure 1 and table 1, in which a dose of 1.04 
mgm. of physostigmine salicylate per kgm. was given intravenously. Part of the 
discrepancy in the corrected inhibitions probably is to be ascribed to the con- 
siderable inaccuracy of the determination of the activity of an inhibited serum 
when the dilution is as great as 1:89, and also to the uncorrected time effect 
between dilution and determination. 


TABLE 5 

Relation between rate of intravenous infusion of physostigmine salicylate and inhibition of 
serum cholinesterase activity 


1 

RATE Of INFUSION | 

rents' FIC. 7 (cat), 

% NORihU ACTIVITY , 

EXPECTED CORRECTED 
% OT NORMAL ACTIVITV 
FROM rtCURE 3 (DOGS) 

Determined | 

Corrected j 

microgram; Per kgm. Per min. 

0.5 j 

91 

62 ; 

40 

0.7 

72 

19 

15 

5.0 

52 

7 j 

1 10 

50.0 | 

1 52 

7 j 

i 5 


2 . It was mentioned in the introduction that Ammon and Voss used a dose of 
5 mgm. of physostigmine sulfate in their 17 kgm. dog, because this corresponded 
to the dosage used in the experiments of Feldberg a‘nd Krayer (2) and Krayer and 
Verney (3). It is of interest in this connection to emphasize that these authors 
had difficulty in demonstrating an increase in the concentration of acetylcholine 
in the coronary blood upon vagal stimulation after one single dose of physostig- 
mine sulfate of 5 to 10 mgm., while repeated doses gave satisfactory results. 
This is undoubtedly due to the rapid recover}' of cholinesterase activity after a 
single dose of this size and not to an insufficient degree of initial inhibition of 
cholinesterase as the uncorrected value of Ammon and Voss (47% of normal 
activity) might well suggest. The appropriate way of administering physostig- 
mine for investigations of changes in acetylcholine concentration obviously is the 
continuous infusion of physostigmine as shown in figure C, which is a record of 
an experiment that, except for the continuous infusion of physostigmine and the 
estimation of cholinesterase inhibition, in every other respect is similar to those 
of Feldberg and Krayer. 

The dog of experiment 17, figure 6, was given artificial respiration. 100 mgm. of heparin 
was injected to prevent clotting of the blood. A Morawitz cannula was introduced into 
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the coronary sinus The vagus nerves were severed in the neck and the peripheral end stim 
ulated by a strong tetamzing current from a Harvard tnductonum The cscnnizcd leech 
muscle was used to identifj acctjlchohne Immediately before adding coronary blood to 
the leech muscle it was diluted 1 2 with cold Tyrodc solution, acetylcholine concentration 
in blood therefore, is tw icons high as indicated bj the comparison of the leech muscle re 
sponses caused by blood with the corresponding calibration curves The tracings of the 
leech muscle reactions were placed on the graphical record of changes in cholinesterase 
activitj in figure 6 such that the time of addition of blood to the leech muscle corresponds 

100 -1 • • I 



Fio 6 Experiment 17 Fffect of Peripheral Vaovl Stimulation upon the Acetyl 
choline Concentration in the Coronary Blood at Normal and at Inhibited 
Serum Cholinesterase Actimties 

Dog male, 18 kgm Nembutal anesthesia Vagi cut Mornw itz cannula in coronary 
sinus The black bar indicates the duration of nhysostigmine and atropine infusion 
Cholinesterase activity was determined with the Warburg constant volume manometer, 
the final scrum concentration was 4 54% The percentage values of cholinesterase activity 
arc uncorrcctcd At N normal blood and at V blood obtained during vagal stimulation 
were added to one (upper) or the other (lower) leech muscle strip suspended in Tyrodc 


tuive me oromiue imui wugiii louuiiiis iw/o acciyicuoiinc L-oncen 

trations of acetylcholine correspond to % of the acetylcholine bromide concentrations 

to the time value for cholinesterase activity present at the moment when the blood was 
taken from the coronary cannula Ph} sostigmine infusion started at 60 minutes and was 
discontinued at 131 With normal activity of cholinesterase in the serum even during vagal 
stimulation the acetylcholine concentration m the coronary blood was below 1 150 million, 
after a thirty minute infusion of ph>sostigminc vagal stimulation increased the acetyl 
choline concentration from about 1 150 million to 1 35 million (sec N and V, upper leech 
tracings) 10 minutes later it was still more than 1 110 million (lower leech tracing N) and 
again rose to more than 1 35 million upon another vagal stimulation (lower leech tracing V) 
For further details concerning the method used in this experiment see (2) 
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This experiment from another point of view emphasizes the necessity of cor- 
recting observed inhibition of cholinesterase activity in diluted serum, in that 
it is difficult to understand how an acetylcholine concentration between 1:35 
million and 1 : 100 million should be present for several minutes in blood with 
a serum cholinesterase activity still as high as 30% of normal, while the cor- 
rected values, revealing nearly complete inhibition, resolve this difficulty. 

3. The clinical importance of this correction can be well illustrated with the 
data obtained by Jones and Tod 15). The cholinesterase activities of their 
human serum samples were determined manometrically in a final reaction mix- 
ture containing a dilution of 1:15 of the original serum. In all but one patient 
a definite inhibition after the subcutaneous injection of physostigmine sulfate was 
noted which ranged from 73 to 85% of the value before administration of the 
drug. When the dilution effect is taken into consideration the corrected values 
of inhibited serum cholinesterase activity ranged between 21 and 45% of the 
uninhibited activity. 

4. There are some discrepancies between our results and those of Manning, 
Lang and Hall (6). The recovery of serum cholinesterase activity after single 
doses of physostigmine in our table 1 and figure 1 not only had a different time 
course, but the recovery periods even with the small doses were considerably 
longer than Manning, Lang and Hall observed. In an unanesthetized dog (see 
their graph 1) with the dose of 0.1 mgm. of physostigmine sulfate per kgm., 
normal activity had returned within 46 minutes after the injection, and within 17 
minutes after the maximum inhibition had been reached. 

These authors reported a profound inhibition of serum cholinesterase activity 
without more than slight parasympathetic effects when 0.05 mgm. of physostig- 
mine sulfate per kgm. in 50 cc. of saline per half-hour was infused continuously 
into unanesthetized dogs. Cholinesterase activity in serum was determined by 
j the continuous titration method of Hall and Lucas (18). In the experiment of 
* table 4 of Manning, Lang and Hall the infusion of 1.66 micrograms of physostig- 
mine sulfate per kgm. body weight per minute in a dog of 19 kgm. caused on the 
first day of the experiment a decrease to 34% (uncorrected) of normal activity of 
serum cholinesterase. This dose is equivalent to 2 micrograms of physostigmine 
salicylate, and corresponds to the dose given in experiment 8, part 2, and experi- 
ment 9, part 3 of our table 2. The corresponding inhibition is 50% uncorrected 
and 20% corrected. We were able to observe definite and consistent parasym- 
pathetic effects at the level of cholinesterase activity reached with this dose with 
regard to the effect upon the gastro-intestinal tract. The results of those experi- 
ments of table 2 in which physostigmine was infused without atropine are given 
in table 6. (No graphical records were taken, but repeated emptying of the 
bowels was taken as indicating increased intestinal activity. No accurate meas- 
urements were made of salivary flow.) 

As is evident from table 6 increase in intestinal activity resulting in defecation 
occurred with certainty only if cholinesterase activity in the serum decreased to 
40% of normal (corresponding to an infusion of approximately 0.5 microgram of 
physostigmine salicylate per kgm. per minute); while even slight salivation in 
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these anesthetized dogs could not be detected at a serum chohnestcia«e activity 
above 25% of normal (corresponding to an infusion of approximately 1 5 micro 
grams of phj ^ostigmine sahcvlate per hgm per minute) 

5 The delay period between the administration of phy sostigmme in a single 
dose or by continuous infusion and the appearance of fasciculation of striated 
muscles demands an explanation A correlation of fasciculation with the seium 
potassium rather than the cholinesterase activity after do^es of prostigmine was 
reported by Thompson and Tice (19) We hav e not made serum potassium esti- 
mations in our phy sostigmme experiments, and our data seem to give weight to 

TABLE 6 


Dogs m anesthesia ( N - nembutal C — chloralose) Continuous infusion of physostigmtnc 
Relation bctuccn Iciel of serum cholinesterase activity and effect on intestinal 
actuity and salualion 



set. i'u cnous-Esrc* ase activity 




EXP NO * 

Of NOBMALt 

INTESTINAL 

ACTIvm 

SALIVATION 

ANESTHESIA 


Ob* 

Coir 



10 

100 

100 

No effect 

None 

N 

16 

90 

92 5 

No effect 

None 

\ 

6 

S9 

79 

No effect 

None 

N 

5 

88 

77 

No effect 

None 

N 

9 

S4 

70 

No effect 

None 

N 

6 

SO 

G2 

Increased 

None 

N 

5 

73 

50 5 

No effect 

None j 

N 

G 

67 

40 0 

Increased j 

None 

N 

9 

60 

3S 5 

Increased j 

None 

N 

5 

CG 

3S 5 

Increased j 

None 

N 

1 

5S 

28 5 

Increased 

None 

C 

2 

57 

27 5 

Increased 

None 

C 

3 

51 

21 5 

Increased 

Slight 

C 

9 

48 

19 0 

Increased 

Slight 

N 

2 

4S 

19 0 

Increased 

Marked 

C 

3 

45 

1G 5 

Increased 

Marked 

c 


• For further details see tnhlc 2 
t From columns VII and VIII of table 2 


the correlation of muscle effects w ith scrum cholinesterase activ ity The delay in 
appearance of the fasciculation may well be due to the time necessarv to build up 
sufficient acetylcholine to stimulate the muscle fibcis (12) 

We do not think that this delay is due to the slow combination w ith chohnester 
ose at the nerve muscle junction, since experiments of Biown, Dale and Feldberg 
(20) and Itosenblueth and Morison (21), as well as from our ow n laboratory (22), 
show that in isotonic records from the freed Achilles tendon in cats with supra- 
maximal stimulation of the peripheral end of the sciatic nerve at the rate of 1 per 
4 to 10 seconds, the contraction increases markedly w ithin the first ten minutes 
after a single intravenous dose of about 0 1 mgm per hgm of phy sostigmme 
salicylate and soon decreases to a level somewhat abov e the normal 
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SUMMARY 

1. The time course of the inhibition of serum cholinesterase activity has been 
followed in detail after single intravenous doses of physostigmine in dogs. 

2. With continuous intravenous infusions of phy’sostigmine in dogs a steady 
level of inhibited serum cholinesterase activity is reached within one hour and 
may be maintained for as long as the infusion lasts. 

3. The percentage level of serum cholinesterase inhibition attained by a con- 
stant rate of infusion is reproducible and allows quantitative definition of “eserin- 
ization” when employed for physiological experiments involving cholinergic 
mechanisms. 

4. The kidneys are proved to play a minor role in the disposal of physostigmine. 

5. The recovery of serum cholinesterase activity in vivo after continuous infu- 
sion and after large single doses appears to follow a mechanism similar to the 
recovery of the inhibited enzyme activity in vitro. 

6. The validity of determinations of inhibited enzymes is discussed from the 
standpoint of the various methods which may be employed in such determina- 
tions. Combination of inhibitor with enzyme, destruction of inhibitor, dilution, 
displacement of inhibitor by substrate, and time are shown to be among the fac- 
tors by which methods differ, and which require proper correction. A basis is 
provided for understanding and evaluating the unfamiliar corrections applied to 
the data presented in this paper. 

The authors wish to acknowledge the help given to them during this work by 
Dr. Oliver H. Straus and Dr. Sydney Ellis. 
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The demonstration by Evelyn and Malloy (1), based on the studies of Drabkin 
and Austin (2), that the degree of methemoglobinemia may be accurately esti- 
mated and distinguished fiom sulfliemoglobinemia by means of the spectro- 
photometer affords an opportunity to reassay mcthemoglobin-forming drugs 
from the standpoint of dosage and lesponse. This lias recently been leported 
for acetanilide and acctophencditin by Lester (3), (4), w ho carefully assayed and 
evaluated the responses of various species to these drugs. Our interest in tins 
subject was aroused by the production of an extreme degree of methemoglobine- 
mia by one of a series of experimental drugs. Since the drug is an isomer of 
acetanilide, it was considered desirable to compare these new* mcthcmoglobin- 
formers with other known potent compounds having this property. 

Chemical. The compounds studied belong to the group of phenones and are: 
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II 

C— CH, 
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NH, 
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p-amino- 

p-amino- 
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acetophenonc 

propiophenone 

benzophenone 


The compounds p-dinitrobenzene, p-aminophenol and aniline HC1 weie used 
as controls for purposes of comparison since Issekutz (5) found the first to be 
active at 1 mgm /Lgm subcutaneously in the cat and since p-aminophenol is one 
of the excretion products of acetanilide leported to be more active than the 
parent compound. 

Experimental Dogs which lud been starved for 10 hours were used as test animals 
The drugs were administered either intravenously or orall> in gelatin capsules For in- 
travenous administration, the phenones and aniline were dissolved in dilute hjdroehloric 
acid, while p dinitrobenzene and p nminophcnol were dissolved in 50% prop>lene gljcol 
Dosage was expressed in mgm /hgm Control and experimental blood samples were taken 
from the jugular vein using 0 25 cc of an oxalate anticoagulant* for each 5 cc. of blood. 


I Lieut (MC) USNR 

I I 85% potassium oxalate. 

0 50% oxalic acid 
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- A Beckman model DU quartz spectrophotometer with I cm. cells was used in all deter- 
minations. Samples were examined following an adaptation of the method described by 
Evelyn and Malloy (I). In this method, the extinction of a mcthemoglobin absorption 
band at A63 0 nu< is measured. Upon the addition of sodium cyanide the mcthemoglobin is 
changed to cyanmethemoglobin with disappearance of the band. From the decrease in ex- 
tinction, the amount of methemoglobin originally present is determined. 

Half a cc. of fresh control blood containing anticoagulant is diluted to 10 cc. with M/60 
(pH 6.6) phosphate buffer. After allowing 3 to 5 minutes for complete hemolysis, the ex- 
tinction at X630 mn is read. Upon the addition of 1 drop of 10 per cent sodium cyanide 
solution (freshly neutralized with an equal volume of 12 per cent glacial acetic acid), no 
significant change is effected if the sample is free from methemoglobin. 

With unknown samples, the extinction of a 3 cc. aliquot of a dilution prepared as above 
is read at A630 mp. One drop of sodium cyanide solution is added and the extinction read 
for the solution now containing cyanmethemoglobin. The difference between the two 
values is the change due to conversion of the methemoglobin to cyanmethemoglobin. 
Similarly, control readings are obtained for the same blood samples by' quantitatively' con- 
verting another 3 cc. aliquot to 100 per cent methemoglobin with one drop of 5 per cent po- 
tassium ferricyanide solution. The extinction is then read. Following the addition of 
sodium cyanide, the extinction is read again. The percentage of methemoglobin in the un- 
known is then calculated from the formula: 

Drop in extinction (at X630 ms) of sample 

w r — rr— : — T “7 X 100 «= %MHb 

Drop m extinction of sample changed to MHb 

Due to the anoxic rise in absolute hemoglobin concentration, it was found that the rela- 
tive percentage methemoglobin is a more accurate index of methemoglobinemia than is the 
expression of methemoglobinemia as grams of methemoglobin present per 100 cc. of blood. 
Analysis of the data obtained from all dogs in which the methemoglobin was above 50% 
revealed that the anoxic rise in hemoglobin ranged from 10 to 20%. 

Results. Tables 1 and 2 and their legends summarize the experimental data 
obtained following oral administration, and table 3 gives additional data on the 
effect of intravenous administration of the most important drugs. Compared 
to the aliphatic phenones, p-aminobenzophenone was found to be inactive. 

The signs and symptoms observed in the dogs as a result of extreme degrees of 
methemoglobinemia were: ataxia at 60% methemoglobin, salivation and prostra- 
tion at 75%, loss of consciousness at 85% and death at 95% (with p-amino- 
propiophenone). In the prelethal period respiration was characterized by rapid 
panting with interspersed single maximal inspirations. Death was apparently 
due to a gradual diminution in cardiac action. 

Figure 1 is a comparison of the visible absorption curves of methemoglobin 
produced in vitro with potassium ferricyanide and that produced in the dog with 
p-aminoacetophenone (table 1 — Dog t\o. 200 — i/19/43 — 45 minutes). 1 hey are 
identical, indicating that only methemoglobin is formed. The absence of an 
absorption band at A620 mg indicates that no sulfhemoglobin is present. 

Since p-aminoacetophenone is approximately 10 times more active in forming 
methemoglobin than its isomer acetanilide (3) (4), the question of possible con- 
tamination of acetanilide with p-aminoacetophenone was investigated. In 
present manufacturing methods a chemical rearrangement might occur in the 
presence of a slight amount of zinc as an impurity. Spectrophotometric analysis 
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TABLE 1 

Experimental drugs— orally 

A maximum of 04% to 05% mcthemoglobm was reached in three dogs before death 
occurred In five dogs the mcthemoglobm attained a peak of 82% to 87% with recovery 
Dog fi 131 recovered from p aminopropiophenonc methemoglobinemia in spite of a level of 
80% which was maintained for 24 hours All dog9 given doses from 2 mgm /kgm to 30 
mgm /kgm of p aminoaeetophenone recovered Three of si\ dogs lived at a do3C of CO 
mgm /kgm of p ammoacetophenonc Mcthemoglobm determinations were made on two 
of these six dogs Of five dogs given a dose of 50 mgm /hgni of p aminopropiophenone only 
two lived p \mmobenzophcnone was inactive nt 10 mgm /kgm 
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TABLE 2 

Control drugs — orally 


The control amines, aniline hydrochloride and p-nminoplienol when compared on a 
dosage basis are relatively inactive. The most active nitro-compound, p-dinitrobenzene, 
approximately equals p-aminopropiophenone in activity. 


DOSE 

DATE 

1 

DOC 

NO. 

METHEMOGLOBIN (%) 

REMARKS 

1 hr. 

2 

hrs 

3 

hrs 

4 

hrs 

5 

hrs 

6 

hrs 

7 

hrs 

Aniline IIC1 j 





1 






10 mgm./kgm 

3/17/43 

131 

0 



0.3 





10 mgm./kgm 

3/22/43 

55 

2 








30 mgm./kgm 

3/17/43 

81 

G 

17 

14 

12 

ii 


5 


p-dinitrobenzene 











10 mgm./kgm 

3/29/43 

131 

8 

27 


54 


67 



40 mgm./kgm. 

4/ 1/43 

100 




83 



55 

Dog recovered 

p-aminophenol | 











10 mgm /kgm. j 

3/29/43 

28 

8 

3 


2 


! 2 




TABLE 3 

Methemoglobin from intravenous administration 
Given intravenously, p-dinitrobenzcnc acts immediately to produce a maximum of 26% 
methemoglobin in 7 minutes. This maximum effect decreases gradually. p-Aminoaceto- 
phenone, p-aminopropiophenonc, and p-aminophcnol cause a maximum rise in methemoglo- 
bin in 30-60 minutes p-Aminopropiophenone given intravenously produces more 
methemoglobin than the acetophenone. p-Aminophenol is again relatively inactive, 
t The mean effect from 1 mgm./kgm. of p-aminopropiophenone about equals that from p-dini- 
' trobenzene, although the peak of action is delayed and hence the mode of action may be 
different. 
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1 mgm /kgm. 
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3 3; 

6 
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■2 

5 


p-aminopropiophenone 












1 mgm./kgm. 

3/29/43 

85 

0 
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41 

45 

45 
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i%. 2) indicated that the sample of acetanilide U S P. tested was not contam- 
inated as much as 1% by this isomer. 

The toxicity of these compounds (table 4) Mas determined in the albino rat 
after intraperitonea! administration. A minimum of forty rats in groups of 



Fig 1 Visible Absorption Cuiives Showing Identity of Metiiemoglodin Produced 
in vitro by Potassium Ferhicyanide and that Produced in mvo by 
P-Aminoacetopmenon e 

Solid line G4% MHb tn tuo 
Broken line. 64% MHb in ttfro. 

Each cur\ e represents approximately 60 points, all of which lie directly under the lines 

ten at pertinent dosage levels \\ as used to determine the LD 50 for each compound 
according to the method of Trevsn (6) The rat LD 50 ’s probablj' reflect the 
dog data in that death m the rat i« due to methemoglobin formation It is in- 
teresting that p dimtrobenzene and p ammopropiophenone aie equally toxic 
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Fig. 2. Ultra violet Absorption Curves of p-Aminoacetophenone (Curve I), 
P-Aminopropiophenone (Curve II), Acetanilide (Curve III), and 
Acetanilide Containing 1% p-Aminoacetophenone (Curve IV), 

All in Absolute Ethyl Alcohol 

The presence of 1% p-aminoacetophenone in acetanilide can be readily detected spectro- 
photometrically. This indicates that the sample of acetanilide U.S.P. employed was not 
appreciably contaminated by its isomer p-aminoacetophenone. 


TABLE 4 


Acute toxicity of meihemoglobin-producing compounds 



ANILINE 

HC! 

p- AMINO* 
PHENOL 

P-PIN1TKO- 

BENZENE 

P-AMINO- 
ACETO- I 

PHENONE j 

p-AMlNO- 

PROPIO- 

THENONE 

L.D. 50 (125 gm. male rats), 

460 

465 

56 

260 

55 
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Discussion The high prelethal degree of methemoglobinemia produced m 
the dog b> p ammopropiophcnone indicates that the compound is probablj not 
toxic other than by wa} of the anemic anoxia resulting from the inactivation of 
the hemoglobin These deaths with 95% of the hemoglobin inactivated can be 
compared with the deaths in human beings at 77-89% CO — hemoglobin satura 
tion reported by Nicloux (7) and the deaths in the dog at G0-70 % methemo 
globin saturation after acetanilide treatment reported b} Denmg (8) In the 
case of carbon monoxide poisoning, the deaths rbsult at a lower level because of 
the known * double action” of CO — , namel}, inactivation of hemoglobin, and 
the prev ention of 0» release from hemoglobin (9) In the case of acetanilide, the 
large dosage needed to produce methemoglobinemia probabl} results in cardiac 
depression (10) and hence a reduced ability to survive extreme anoxia The 
se\ enty of the symptoms encountered in the range of 70 to 95 per cent methemo 
globinemia is probabl} out of proportion to those symptoms which arise from 
inadequate oxygen transport due to a slow progressn e anemia The stud} of 
Darling and Roughton (11) on the dissociation curves of methemoglobin indicate 
that methemoglobinemia, like carbon monoxide poisoning (but to a lesser degree) 
interferes with the liberation of oxjgen from hemoglobin (12) Some degree of 
this double action may account for the sev entj of the obscrv ed s} mptoms w hich 
are not, however, as severe as those reported in carbon monoxide poisoning for 
the same degree of hemoglobin mactiv ation 

The extreme degree of methemoglobinemia obtained with p anunopropio 
phenone is, from the standpoint of dosage, comparable only to that of the nitro 
benzenes Since the compound is easily soluble and not otherwise toxic it may 
prov ide a tool for the stud} of anoxia Although these phenones are activ e they 
do not act immediatel} We were not able to produce methemoglobin with 
either of these compounds when they were added to blood tn vitro The} have 
a more prolonged action than nitrobenzene and the anemia which frequently 
occurs alter the use ol nitrobenzene compounds is not observ ed Tor purposes 
of producing methemoglobinemia the} are superior to nitntes and chlorites m 
that no other pharmacological action obtains The data also indicate that onl} 
methemoglobin and not sulfhemoglobm is formed 

The authors are indebted to the Dowr Chemical Company for samples of 
phenones 


SUMMARY 

The compounds, p ammoicetophenone and p ammopropiophenone, whether 
giv en orally or intravenousi} , are highly active in forming methemoglobin The 
latter is the more active, being as active as p din itro benzene, but differing in that 
its effect is less rapid and more prolonged Death occurs at 95% methemo 
globinemia and recov ery mav occur with 87% methemoglobinemia Due to the 
desirable chemical and pharmacological properties of p ammopropiophenone this 
compound maj piove of value for the experimental production of methemo 
globinemia and anoxia 
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Erythnna L , a genus of trees and shrubs, (rarely perennial herbs) with showy 
flowers of \ anous shades of led, is widely distributed over the tiopics and sub 
tropic*, of the entire globe (1) In Central America species of Erythnna hate 
plat ed an important role in the folk medicine of pre conquest times In Mexico, 
according to Standley (2), decoctions of \ anous parts of these plants arc said 
to lme purgati\e, diuretic or sudonfic effects, the poisonous, bean like seeds 
are used as a hypnotic \ppaicnth, the fiist experimental stud} of extracts 
of seeds of Lrylhnna is that of Dominguez and Altamirano (3) who, m 1877, 
ob«ei\ed their paralyzing action in animals Subsequent sporadic and con 
tradictory statements on pharmacologic effects of Erythnna seeds aic recorded 
m the literature (4) Only recently , the curanzing action of the seeds has been 
reestablished by Ramirez and Ri\eio (3), Lehman (G), and Cicardo and Hug 
(7), and a systematic stud\ of the curare like actiMty of seeds of 51 species of 
Erythnna has been reported by Tolkeis and Ennn (8) 

Chemical research b\ Tolkers Ixomuszy and Shav el on the activ e principles 
of Erythnna resulted in the isolation of numerous alkaloids from the seeds of 
x anous species of Erythnna Ery throidinc, the first alkaloid to be isolated 
from Erythnna amencana Mill (9) was shown to consist of a mixture of at 
least two isomeiic alkaloids which aie dextro rotatory and were named a and 
/3-ery throidine (10) Since the p form is more readily obtained in pure state, 
chemical and clinical investigations lia\c centered on this substance In con 
tinuation of previous studies (11) this paper presents data on the pharmacologic 
action of p erythroidine, dihydro p erythroidine, P tetrahydro P cry throidine 
and of other substances denved from these alkaloids 
P Erythroidine is a tertiary ammonium base of the empirical formula 
CuHijNOs which reacts with methyl iodide to give a metliiodide CirHrNOjI 
(10) p Erythroidine hydrochloride is a crvstalhnc salt freely soluble in water 
Several hydrogenated derivatives of /3-ery thioidine have been prepared (12) 
Of these, dihydro P ery throidine hydrobromide and p tetrahydro P erythroidine 
hydrobromide have been established as pure compounds, a tetrahy dro p 
ery thioidine hydrobromide was obtained essentially pure Because P ery 
throidine and its hydrogenated dem ativ es contain a lactone group their reaction 
with sodium hydroxide solution yields the sodium salt of the corresponding 
hydroxy acids 

The substances u<-cd in this study weic obtained through the courtesy of Dr 
Karl Tolkers /3 Ery throidine and dihy dro /3-ery throidine were available m 
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the form of their hydrochloride and hydrobromide respectively, a-and jS-tetra- 
hydro-S-crythroidine as hydrobromides. The solutions of sodium /3-eiythroidin- 
ate and of sodium dihydro-/3-erythroidinate used in these experiments were 
carefully freed from excess alkali. 

Toxicity. Acute toxicity following oral and subcutaneous administration 
was studied in mice, rats, rabbits and cats. A total of 300 mice, 320 rats, 47 
rabbits and 27 cats were used. The results are summarized in table 1. The 
toxicity in mice and rats expressed as the L.D. 50 was determined by using 10 
animals for each dose level. The number of experiments with cats and rabbits 
was too small to allow the calculation of the L.D. 50 with reasonable accuracy; 
therefore, the toxicity in these species is summarized by giving the dose range 

TABLE 1 


Lethal doses of crythrina alkaloids 



VICE 

BATS 

RABBITS 

CATS 


No. of 
animals 

L.D. 50 

No. of 
animals 

L.D. 50 

No. of 
animals 

L.D. 

range 

No. of 
animals 

L.D. 

range 

g-Erythroidine HC1 




mgm.jkgm. 


mgm./igm.. 


mgm./kgm. 

Oral 

so 

[ 75.0 

so 

510.0 

8 

200-400 

6 

30-40 

s.c 

Dibydro-/3-erytliro- 
idine HC1 

50 

48.0 

60 

1260.0 

10 

50-S0 

8 

20-25 

Oral 

70 

7.5 

60 

320.0 

16 

30-60 

4 

2-3 

S.C.. , . 

/S-tetrahydro-/3- 

erythroidine 

HBr 

s.c 

Sodium /3-erythro- 
idinate 

s.c 

50 

40 

40 

9.3 

9, 

230.0 

120 

230.0 

13 

10-20 

9 

2-3 


in which deaths have been observed, corresponding roughly to the range between 
the L.D. 1 and the L.D, 100. 

DihydrO'/3-erythroidine is between 2 and 10 times more toxic than 0-cry- 
throidine. /3-tetrahydro-/3-erythroidine has the same toxicity in mice as dihydro- 
/5-erythroidine, whereas sodium /3-erythroidinate is much less toxic than /?- 
erythroidine. 

As evidenced in table 1, the sensitivity of different species to these alkaloids 
varies considerably. Lethal doses in mice coincide roughly with those in rabbits. 
Rats are much more resistant, the L.D. 50 being about 10 times greater than that 
in mice and rabbits. On the other hand, cats are more sensitive to the Erylhrina 
alkaloids than the other species. A few experiments in dogs indicate that toxic 
doses in dogs approximate those in cats. 

The alkaloids are rapidly absorbed from the gastro-intestinal tract as evidenced 
by the rather small difference between the oral and subcutaneous lethal doses. 
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In some specie 1 ', tlie oral administration is even moic cfTcctivc th in subcutaneous 
injection (table 1) ruithcimore, the to\ic effects following oral and sub 
cutaneous administration becomes manifest at about the same time In cats 
for instance, the lethal dose langc of dihvdro 0 on tin online is the same following 
oral or subcutaneous administration, 3 mgm /Kgm of this ilk dnid caused death 
after 20 minutes, u respective of the mode of admimsti at ion 

The to\ic manifestations of 0-cry throidine uid its dih\dio dcii\ itivc were 
essentially the same All animals died appai entl\ of peripheral iespirator\ 
failure, the heart continued to belt for several minutes after the respiration 
had ceased In mice and lats most of the deaths oi cuned w ithm one hour aftei 
subcutaneous oi oral admmistr it ion of the alkaloids ^hortlj aftei reaching the 
paralvtic stage, diaphragmatic bicithing beeamc laboured and irregular and 
the animals died of nsph) \i i In rabbits and cats the course of toxic imnifcsta 
tions obsened was moic grulual The first sign w is m ibihtv to hold up the 
head Ihc animals bet ime \en quiet, weie un iblc to st ind and la\ on their 
side The icspintion became diaphragmatic, but continued to be slow and 
regular foi periods of 10 to 20 minutes In nnm mstmees the pupils were 
widened but reacted piomptl) to light Ilichcut was belting icguhiib even 
after the breathing bee ime nicgulai oi hid stopped cntirch Thcic were a 
few weak aspliv ctic muscle twitclungs However, in dogs injected intravenous!) 
with 4 mgm of 0 er) throidine, violent stmgghng was fiequcntiv seen, when 
the breathing became lriegular 

Chrome toxicity 0 1 rv thioidine w is fed dail) to three groups of 10 rats each 
in amounts of 10, 50 and 200 mgm perkgin icspcctnclv No untow aid efTeets 
wue produced bv the feeding of 10 or 50 mgm per kgm over a penod of nine 
months V dail) close of 200 mgm per kgm corresponding to about 40 pci cent 
of the L D 50 (table 1) was well tolerated foi two months Aftei tins period 
the rats lost griduallv m weight, became emaciated and died On giosc ex 
animation, no significant pithologic changes were obscivcd in the orgins 

A gioup of hv c c its received 10 mgm /kgm of 0 ci) thioidine (almost one half 
of the lethal dose tiblc I) dail) bv subcutaneous mjiction for a penod of three 
months During this penod the weight of the animals remained stationoiy 
and no toxic effects bee ime manifest 

Curarritw effect A In fioq s I he action of the 1 rylhina alkiloids on 
skeletal muscle w is studied ill flogs m untamed at a const mt temperature of 
20°C riaccid paralvsis and cessation of r«.>piraton movements wait obtained 
with the intml)mphattc injection of 3 mgm of 0 er) thioidine per kgm Hus 
dose produced a complete pat ilv sis within 30 nimutcs 1 ugcr amounts patah zed 
the frog within periods is shoit as 5 minutes I iradiz ition of the sciatic nine 
failed to elicit muscle conti ictions uhcieis stimulation of the muscle itself was 
duavs followed bv conti iction ihc thicshold foi dncct muscle stimulation 
remained unchmgcd (lining the piralvtie stage All subst mccs listed in table 
2 pioduced tvptcal curare like paralvsis in fiogs 

l be pcitenc) of the v uious compounds was detci mined b\ the minimum dose 
producing complete curanzition I he summon in table 2 shows tint the 



42 


K. U.Y.YA, M. KNIAZUK A YD J. G. GRESLI.V 


dihvdro compound is six times as potent as 0-crythroidine itself. /?-tetrahydro- 
/3-eiythroidine is as effective as dihydro-/S-erythroidine, whereas a-tetrahydro-/3- 
ervthroidine possesses only a w cak curarizing action. Alkaline hydrolysis of 
jS-eiythroidine reduced its efficacy considerably, as indicated by the threshold 
dose of 75 mgm. for sodium /3-erythroidinate. On the other hand, hydrolysis 
of the dihvdro compound leading to sodium dihvdro-/5-erythroidinate did not 
decrease appreciably its potency. The surprisingly low potency of 0-ery- 
thioidine methiodide, a quaternary ba«e, is of considerable interest. 


TABLE 2 

Potency of erythema alhaloids in frogs 



VISIUIK CMARIZt\C DOSE BY 
IVTEAIA MrHATIC ISJECTIOS 

/9-crythroidinc hydrochloride 

tngm ferkgm. 

3 

Dihydro-/?-ery throidinc hydrochloride 

0.5 

a-tetrahjdro-/?-er\ throidinc hydrobromide 

203 0 

/S-tetrahydro-d-crythroidine hydrobromide 

0.5 

Sodium-/3-erythroidinate 

75 0 

Sodium dihydro-P-erythroidinatc 

0.G 

5-ervthroidine methiodide 

200 0 


TABLE 3 


Duration of paralysis in frogs, expressed by the time inlcrial between injection and comp'clc 
rccoiery for the aicragc of 10 frogs on each dose lei el 


ff-er) thro ; dme i 

Sodium-/? er> tbroidme 

Dibj dro p cry throidinc 

Mgm Agm. J 

Duration 

Mgn Agrn 

Duration 

Mgm Agm 

Duration 

3 

2.5 hrs. 

75 

30 hrs. 

0 5 

4 hrs. 

G 

5 hrs. 

150 

Died 

1 0 

S hrs. 

10 

10 hrs. 



1 5 

12 hrs. 

30 

24 hrs. 



5 0 

24 hrs. 

120 

3 davs 

1 


20 0 

3 5 (lavs 

2-10 

4 days 



30 0 

Died 

300 

Died 






A comparison of the curarizing potency of these alkaloids (table 2) and their 
toxicity (table 1) reveals an excellent agreement: the order of toxicity in warm 
blooded animals parallels closely that of the curarizing potency in frogs. 

Threshold doses of (3-erythroidinc produced a very short, lasting effect, the 
stage of complete paralysis was attained within 30 minutes and lasted for about 
half an hour. Thereafter the frogs recovered rapidly, regaining their previous 
motility within two to three hours after the injection. Inciease of the dose of 
/J-ervthroidine increased the duration of the paralysis as shown in table 3. Die 
effect of dihydro-0-erythroidine was of somewhat longer duration than that 
of 0-erythroidine; full recovery from the effects of the minimum paralyzing dose 
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of this substance required foui hours as compared to 2 5 hours following the 
threshold dose of /3 ery throidme The smallest effective dose of sodium 0 
ery throidmatc caused paralysis lasting for 30 hours 
Trogs tolerated amounts as large as 80 times the threshold dose of 0 cry 
throidme The\ fully recovered from complete paralvsis lasting foi three da\s 
Still larger doses, representing a bundled fold of the threshold dose, pioduced 
paialjsis lasting for five da\s from which the frogs did not recover I lhcuisc, 
increase in the dose of dihvdro /3 ery throidme caused a prolongation of the 
paial\sis, the lethal dose being 00 times greatei than the paralyzing dose The 
effect of sodium 0 ery throidmatc, however, became irreversible when the 
minimum paralyzing dose was doubled 
Carbaminoyl choline m small amounts which have no effect on the motility 
of frogs enhances and prolongs the effect of 0 erv throidme Doses of 2 mgm 
per hgm of 0 cry throidme insufficient to produce complete paralvsis were fully 
effective in paialyzing frogs which had lcccivcd carbnminoil choline The 
duration of the paralvsis obtained with 3 or 6 mgm per hgm of 0 erythroidino 
(table 3) was prolonged to 24 hours In the intrahmphatic injection of 0 2 to 
0 5 miciograms of carbnminoyl choline The combination of largei amounts of 
carbaminoyl choline (2 to 20 micrograms per frog) and 0 cry throidme (3 and G 
mgm per hgm ) produced death within 18 hours, although the amount of each 
substance given scpuately was not fatal 

B In cats The nerve muscle action of 0 erv throidme was studied in cats 
anesthetized with urethane (0 8 gram pei hgm ) and chloralose (0 G gram per 
hgm ) The leg was fixed by drills into the tibia The sciatic ncive was severed 
and shielded platinum electrodes wcic used for the stimulation of its peripheral 
end Shielded platinum on 2 wuh electrodes applied to the popliteal nerve 
served for the recording of the action potential of the nerve whereas act ion 
potentials of the sm ill muscles of the toes were obtained through bipolar (Adrian 
Bionk) electrodes The distance between the rccoiding electrodes of the nerve 
and the muscle was between S and 10 cm 
Sharp spiked monoplmsic stimuli of short duration were produced by a modi 
tied relaxation oscillator The stimulator could be adjusted to deliver cithu 
a single disclmgc or a volley The frequency could be varied from 1 to 250 
per second Ihe recording electrodes weic connected to a resistance capacity 
coupled implifier, the output of which was fed to a 5 inch cathodcray tube 
Photographs weie taken from the cathode lay osctllagraph with a 5 by 7 inch 
cameia the shutter of which was synchronized with the stimulus ind the single 
sweep of the electron beam When the responses of both nerve and muscle 
were recorded on one plate, the exposures follow cd each other within 30 seconds 
At the beginning of each experiment, nerve and muscle action potentials ob 
tamed by maxim il stimulation with single discharges were recoidcd (fig 1,A) 
Immediately following mttavenous injections of 0 5 to 10 mgm pei kgm of 
0 eiy throidme a maiked diminution in the amplitude of the action potential 
of the muscle was observed on stimulation at a 1 ite of 1 pei second, whereas the 
action potential of the ncive icmamed unaltered The deciei.se in the amplitude 
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of the action potential of tlie muscle lasted for about five, minutes. After 30 
minutes the response to stimulation at low frequencies had returned to normal. 
Injection of 1 to 1.5 mgm. per kgm. abolished the action potentials of the toe 
muscles completely within I to 2 minutes (fig. 1,B). Increase of the stimulus, 
which is responsible for the increased amplitude of the action potential of the 
nerve in Fig. IB, failed to elicit any response from the muscle. The transmis- 
sion from nerve to muscle was completely blocked for about 10 to 15 minutes. 



Fig. I, Effect of (J-Ervturoiihne on Action Potentials or Popliteal Nerve (N) 
and Toe Muscle (M) Following Stimulation of Sciatic Nerve bv 
Single Discharge 

Cat, 3 kgm., urcthanr-clilor.Tlose anesthesia. Time 10 m.sec. A. Before 0-crythroi- 
dinc. B. 5 minutes after intravenous injection of i.5 mgm./kgm. /S-orytliroidine. Stimu- 
lus was increased. 


Thereafter, stimulation was followed by slowly increasing responses of the 
muscle; after 30 to 00 minutes the action potential of the muscle had reached its 
original magnitude. Spontaneous breathing was maintained at a regular rate 
by the diaphragm if the doses of /S-crythroidine did not exceed 1.5 mgm. per 
kgm. Larger doses of /J-erythroidinc administered under artificial respiration 
increased the duration of the paralysis of the muscle. Prostigmine in doses of 
0.1 to 0.3 mgm. abolished completely the effect of small doses of jS-erythroidine 
within 2 to 5 minutes and accelerated markedly the recovery from larger doses. 
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When prostigmme was given puor to the injection of /3 cijthroidme the dose 
of the latter had to be increased from 1 0 or 1 5 mgm per hgm to at least 2 mgm 
per hgm m ordei to obtain complete block of the transmission from ner\e to 
muscle 

At stages of incomplete parahsis — either following an insufficient amount of 
(3 erythroidine or during reco\er\ from a full\ effective dose — indirect stimula 
tion with vollejs of 12 discharge*' caused a lapid decicase in the amplitude of the 
muscle potentials The first muscle spikes obtained during repetitive stimula 
tion were of the same magnitude as tho^c following single discharges but the 
following spikes gradualh decreased The decrease in the amplitude depended 
on the frequenev of the dischaiges with high frequencies (00 and 120 per second) 
it was much more marked than with lower frequencies (10 and 30 per second) 


IO 


I 





Fir 2 HtECT OK (i LrVTIIROIUINL IPON Hi ART ItATr AVI) Hiooi Pnissunt 

VjS? 

He T 


Effects on Cihcul\tio\ and Smooth Muscle Intravenous injections of 
both 0 erjthroidine and dihydro 0 ervthroidinc cured a tiansient fall in blood 
pressure in rabbits cats and dogs anesthetized with sodium pentobarbital 
(fig 2) Doses effective m depiessmg the blood picture weic below those 
causing parahsis of the skeletal muscle I arge doses administered under ar 
fictal respiration did not dcpicss the blood piesstue to an extent appreembh 
greater than smallei doses 

In 7 dogs, 0 ervthroidine and dih}dio /? erj throidine caused a maiked slowing 
of the heart beat In these experiments (fig 2) 2 mgm of 0 crj thtoidme per 
hgm , a dose insufficient to paiahzc the skeletal muscle produced a decrease in 
the heart rate from 102 to 168 beats pei minute I argei doses pioduccd a pro 
poitionalh greatci deeiease in the hcait late Following parahzing doses the 
heart frequency often leached values is low as 50 m 60 pei minute and the 
asphjxia due to the paialvsis of the diiplnagm failed to cause m acccleiation 
of the heait late hen the ie->pn ltion h ul ce red, the he ut was still beating 
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slowly and regularly. These alkaloids did not affect the normal sinus thythm 
of the heart. The electrocardiogram showed no significant changes except for 
an increase in the atrio-ventricular conduction time. 

In cats, a decrease in the heart frequency was not observed. In contrast 
to the findings on dogs, the heart rate of cats became accelerated when the 
injection of /9-erythroidine caused paralysis of the diaphragm. Only occasionally 
was a decrease in frequency observed when very large doses of /3-erythroidine 
were given under artificial respiration. 

Vagotomy in dogs anesthetized with sodium pentobarbital did not prevent the 
decrease in the heart rate caused by /3-erythroidibe, or dihydro-/3-erythroidine; 
atropine given in doses of 10 mgm. intravenously failed likewise to abolish the 
effect of /3-erythroidine upon the heart rate (fig. 2). Hence, it appears unlikely 
that the decrease in the heart rate is of vagal origin. HoweVer, the administra- 
tion of atropine prevented the bradycardia in non-anesthetiz?d dogs, confirming 
the findings of Lehman, Chase and Yonkman (13). 

On the smooth muscles of the isolated intestine of the rabbit, the Erylhrina 
alkaloids were without effect. Concentrations up to 1 : 20,000 did not alter the 
intestinal tone nor the rlythmie contractions. 

Antagonism with Prostigmine. The effect of physostigmine salicylate and 
of prostigmine upon the action of Erylhrina alkaloids was studied in frogs, mice, 
rabbits, cats and dogs. Parenteral injections of prostigmine promptly abolished 
the toxic effects of /3-erythroidine and of dihydro-/S-erythroidine in all species. 
Physostigmine, however, had little effect in counteracting the action of /?- 
erythroidine in frogs. Intralyinphatic injection of 0.2 mgm./kgm. failed to 
influence the paralysis caused by G mgm./kgm. /3-ervthroidine, whereas larger 
'?] doses (1.0 and 1.2 mgm./kgm.) slightly accelerated the recovery from the 
■’ paralj’sis. On the other hand, 0.1 mgm./kgm. of prostigmine rapidly abolished 
the effects of /3-erythroidine; within less than one hour the frogs had completely 
recovered. In cats and dogs, whose respiration had become irregular or had 
ceased entirely following lethal doses of /3-erythroidine, intravenous injections 
of prostigmine or physostigmine immediately restored the respiration to a 
regular rate and within 2 or 3 minutes the animals regained muscular strength 
and were able to move about. In a total of 50 experiments with or without 
anesthesia on rabbits, cats and dogs, prostigmine regularly abolished the effects 
of /3-erythroidine or its derivatives, provided it was administered before the 
terminal collapse of the circulation. The antagonistic effect of prostigmine upon 
the paralysis of the respiration following /3-ervthroidine is illustrated in an 
experiment on an anesthetized cat in figure 3. In this experiment the injection 
of a fatal dose of /3-erythroidine (6 mgm./kgm.) was followed by a depression 
of both blood pressure and respiration. The respiration became shallow, slower 
and irregular, and all respiratory movements ceased 2 minutes after the injection 
whereas, the blood pressure regained its original level. The injection of 0.1 
■ mgm. prostigmine caused prompt resumption of the respiration which rapidly 
returned to the regular rhythm at its previous rate. Larger doses of prostigmine 
were often followed by generalized muscular fibrillation, salivation and defe- 
cation. 
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Premedication with prostigmmc prevented the toxic effects of the Erytknna 
alkaloids and rendered otherwise lethal do^es ineffective The quantitative 
relation of the antagonism between prostigmine and both 0 cr> throidme and 
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Fig 3 Antagonistic Effect of Prostiominl on Respiratory Paralysis Caused ry 
B Erythroidine 

Cat 2 5 Kgm sodium pentobarbital 35 mgm /kgm intraperitonenlly Upper tracing 
Respiration Lower tracing Carotid blood pressure Time 30 seconds A 0 erythro: 
dine 6 mgm /Kgm B Prostigmmc 0 1 mgm 

dihj dro 0-cr} throidme was studied on mice The toxicity of the Erylhrma 
alkaloids was determined in two groups of animals which received a subcutane 
ous injection of 0 3 mgm per kgm of prostigmmc prior to the injection of \ anous 
doses of 0 erj throidme and dihjdro (i cry throidme respective!} In the same 
manner, the toxicity of prostigmmc was determined in mice which had received 



48 


K. UNXA, M. KNIAZUK AND J. 0. GRESLIN 


a subcutaneous injection of 50 mgm. /9-erythroidine or of 10 mgm. dihydro-/3 
erythroidine respectively. The results obtained on a total of 250 miceand 
expressed by curves calculated from the deduced mortality (14) of the various 
dose levels are presented in figure 4. 

As evidenced by figure 4, premedication with prostigmine rendered the 
animals more resistant to the Erylhrina alkaloids; the L.D. 50 of either /3-ery- 
throidine or dihydro-/9-erythroidine increased by about 21 times. Likewise, 
premedication with Erylhrina alkaloids decreased the toxicity of prostigmine to 
almost the same extent, as shown by a comparison of the L.D. 50 of 0.47 mgm. 
per kgm. to that of 1.03 and 1.25 in mice which were treated with /J-crythroidino 
of dihydro-/3-erythroidinc respectively. All animals in these experiments 
receiving lethal doses of both prostigmine and the Erylhrina alkaloids succumbed 

B-ERYTHnOlOlHZ DfKYDRO-B-ERYTHROfOINE PROSTIGMINE 



LOO MOM PER KGM 

Fig. 4. Antagonism between Em'TimiNA Alkaloids and Pbostigmine 
Influence of premcdication upon toxicity in mice; 1A. Toxicity of 0-crytliroidinc. 
115. Same following 0.3 mgm./kgm. prostigmine. 2A. Toxicity of dihydro-fl-erythroidine. 
213. Same following 0.3 mgm./kgm. prostigmine. 3A. Toxicity of prostigmine. 313. 
Same following 50 mgm./kgm. fl-erytliroidine. 3C. Same following 10 mgm./kgm. diliydro- 
0-crythroidine. 


to respiratory failure; the survival time of these animals was not significantly 
increased by the administration of the antagonist. 

Anli-convuhanl action. The effect of (S-crythroidine upon metrazol convulsions 
was studied in four dogs. Intravenous injections of 25 mgm. per kgm. of 
metrazol produced severe convulsive seizures lasting from one to four minutes. 
Two days later, the same dose of metrazol was given immediately after an 
intravenous injection of 4 mgm. per kgm. of /3-ervthroidinc. The convulsions 
were markedly mitigated in two dogs and almost entirely suppressed in the two 
other animals. All dogs recovered rapidly within fifteen minutes. When the 
dose of (3-erythroidine was increased to 0 mgm. per kgm., the subsequent ad- 
ministration of metrazol failed to produce any seizures, but respiratory failure 
developed in three dogs within 5to8minutes after the injections of /3-erylhroklinc 
and metrazol. In these animals, intravenous injections of 0.5 mgm. prostigmine 
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caused a prompt increase in the rate and depth of the respiration Within three 
minutes the regularity of the respiration was restored and all animals made 
a quick recov cry 

Discussion The experiments herein reported demonstrate that 0 Cry 
throidine and the substances derived from it poises*, true curare action directed 
specifically against the my o neural junction The sequence in which the \ anous 
skeletal muscles become paralyzed appears to be the same as tint observed with 
curare 05) Paralysis of the skeletal muscle precedes that of the diaphrigm 
and death due to aspliy \ia ensues in homothcrmic animals The margin be 
tween the dose of the alkaloid causing paralysis of the skeletal muscle and that 
paralyzing the diaphragm, although small, is more distinct than with curare 
Following the administration of a suitable dose of dihydro 0 cry throidine cats 
may remain in a stage of almost complete paralysis for two hours and recover 
rapidly thereafter without need for aitificial respiration, breathing sufficient to 
prevent asphyxia is maintained by the activity of the dnphtagm thioughout 
the paraly tic stage 

On the other hand, using curare prepar ltions of various origin we have been 
unable to paraly zc rabbits or cats to such i degree that the diaphragm was still 
functioning while the skeletal muscles were completely paralyzed 

Block of the transmission of nerve impul es to the skeletal muscle is the 
paramount action of the Erylhnna alkaloids A multiple of the paraly zing dose 
prolongs the duiatton of paralysis in frogs, and a one hundred fold of the ef 
fcctive dose of /3*ery throidine is required to produce death in frogs C its mam 
tamed under anesthesia and artificial respiration tolerated ten fold the paraly zing 
dose The smooth muscles of the intestinal organs are not affected by 0 
erythroidine, nor did we, m agreement with Rosen et al (1C) and Brown et al 
(17), encounter salivation, vomiting defecation and gastro intestinal distress, 
as seen m dogs oy Lehman, Chase and Yonkman (13) 

The curanzmg potency of the Erylhnna alkaloids appears to be of the same 
order as that of punfied preparations of curare Curarmc, the most potent 
alkaloid isolated by King (18) from Stry chnos toxifera paralyzed frogs at a dose 
of 0 5 mgm per kgm (19), in our experiments, dihydro 0 ery throidine was 
effective at the same dosage 

0 Erythroidine and its derivatives differ, however, from curare with regard 
to absorption, duration of action and excretion 0 Erythroidine and dihy dro 
0 erythroidine are rapidly absorbed from the gastro intestinal tract, in some 
species, they are almost as effective by oral administration as by subcutaneous 
injection The rapid onset of paialysis following oral administration in less 
thin 15 minutes, reported also bv Lehman (17) in experiments on dogs, makes 
it likely that the Erythnna alkaloids are largely absorbed from the stomach 
The duration of the paralysis following these alkaloids especially /3-erythroidine 
is remarkably short w hen compared to curare The action of dihy dro 0 
erythroidine was m all species longer lasting than that of /9-ery throidine In 
experiments with prolonged daily administration of 0 ciy throuline no indica 
tion of cumulative effects of this substance was obtained The alkaloid appears 
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to be rapidly metabolized after entering the circulation. Urine collected from 
frogs paralyzed by large doses of the alkaloid failed to have any paralyzing effect 
upon other frogs, whereas, curare is known to be excreted unaltered in the urine. 
Thus, it is unlikely that /3-crythroidine is excreted by the kidney in its pharmaco- 
logically active form. 

In rabbits, dogs and cats, intravenous injections of /3-erythroidine as well as of 
dihydro-/3-erythroidine produce a transient fall in blood pressure. Bradycardia 
produced by these alkaloids in dogs anesthetized with sodium pentobarbital, and 
only rarely and to a much lesser extent in cats, is apparently not due to media- 
tion of the vagal nerve, since neither vagotomy nor atropinization prevented 
the cardiac slowing. These experiments suggest that the bradycardia is due 
to a direct action upon the heart. In non-anesthetized dogs Lehman et al. (13), 
reported a prevention of the bradycardia by atropine. We have confirmed 
his work on non-anesthetized animals. The atrio-ventricular conduction time 
is prolonged. Evidence of an increased conduction time in man during (S- 
erythroidine administration has been reported by Williams (20). 

No evidence for effects upon the central nervous system has been obtained 
in our experiments. In particular, hypnotic or sedative effects as reported in 
man (21), (22) have not been observed in animals. 

The anticonvulsant effect of Erylhrina alkaloids was first demonstrated with 
crude extracts from seeds of Erylhrina americana Mill, by Lehman (6) in control- 
ling the convusions of strychnine, camphor, cocaine and picrotoxin in animals. 
Rosen and co-workers (16), obtained mitigation and suppression of metrazol 
seizures in dogs by /3-erythroidine. This observation confirmed by Lehman 
(13) and by our experiments has led to the use of /3-erythroidine as an adjunct 
in the metrazol therapy of psychoses (Rosen, Cameron and Ziegler (23) and 
others). 

Pliysostigmine and prostigmine both known to antagonize the effect of curare 
also exert an antagonistic effect upon Erylhrina alkaloids. This antagonism is 
mutual, prostigmine abolishing the effects of /3-erythroidine as well as this 
alkaloid preventing the action of prostigmine. Prostigmine appears to' be a 
reliable and prompt acting antidote which takes its place with artificial respira- 
tion in cases of overdoses of Erylhrina alkaloids. 

The antagonism with prostigmine led to speculation whether /3-erythroidine 
influences the choline esterase activity. Through the courtesy of Dr. D. Glick 
the effect of /3-erythroidine was studied in vitro. The presence of 50 mgm per- 
cent of the drug had no demonstrable influence on the cholinesterase activity 
of a 0.5 percent solution of horse serum. Later, Harris and Harris (24) failed 
to obtain any effect of this alkaloid upon choline esterase activity in human 
serum. Hence, it appears unlikely that the effect of /3-erythroidine and its an- 
tagonistic effect upon prostigmine is due to a direct action upon choline esterase. 

Compared to prostigmine, physostigmine is much less effective in antagonizing 
the action of /S-erythroidine in frogs whereas in homothermic -animals both 
substances exert about the same antagonistic effect upon the action of /3-cry- 
throidine. A similar difference between physostigmine and prostigmine in their 
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effectiveness in reversing the action of curare in frogs had been observed by 
Jacobsohn and Kahlson (25) Carbarainoy 1 choline know n to enhance the effect 
of curare (25) also enhances the action of 0 erythroidmc in frogs 

Conversion of 0 ery thi online into the quaternary metho «alt (0 erythroidmc 
methiodide) decreases its curanzmg action to about one hundredth of the 
activity of the tertiary ba^e Since the discovery of the curanform properties 
of quaternary bases by Crum Brown and Traser and tbeir observations that 
thiough conversion into metluodides or methosulfatcs many alkaloids with 
specific action upon the central nerv ous sy stem acquire curanform properties, 
it has been established that the curanform action of a substance generally is 
linked to the pie^ence of a quaternary nitrogen configuration in the molecule 
To these observations Boehm’s studies on curare alkaloids (2G) have added a 
particularly striking example From vanous curares and from the bark of 
Strychnos toxifera Boehm isolated “curin’’, tertiary ammonium bases with little 
or no neuro muscular action, conversion into their methiodides increased the 
potency of these substances to such a degree that it equalled the potency of the 
quaternary base — * curann” — isolated simultaneously from the same material 
0 Eiythroidinc, therefore, constitutes a notable exception to the generalization 
of the classical findings of Crum Brown and Tracer on fhe relationship between 
chemical structure and curare activity 

SUMMARY 

1 (3 Ery throidine and substances derived fiom it (dihy dro 0*ery throidine, 
a tetrahydro 0-ery throidine, 0 tetrahydro 0-cry throidine, sodium p ery throidine, 
sodium dihy dro p ery throidine, and 0 ery throidine methiodide) possess ty pical 
curare like action 

2 Compared with curare, the paralysis caused by these alkaloids, especially 
0-ery throidine, is of short duration 

3 Dihy dro 0-ervthroidme is the most potent of the^e alkaloids, it equals cur 
arme m potency 

4 0 Erythroidmc and dihy dro 0-cry throidine are effective bv oral admims 
tration The toxicity has been determined in mice, rats, rabbits and cats fol 
lowing subcutaneous and oral administration 

5 Death m mammals is caused by paralysis of the diaphragm, the heart 
continues to beat m regular rhy thm for several minutes 

6 Intravenous injections of 0-cry throidine or dihv dro 0 ery throidine cause 
a transient fall in blood pressure In dogs they decreas emarkedly the heart 
rate and increase the atno ventricular conduction time 

7 Atropine prevents the bradycardia m non anesthetized dogs, but fails to 
influence the bradycardia in animals anesthetized with sodium pentobarbital 

8 The smooth muscle is not affected by 0 erythroidmc 

9 Prostigmine is an effective antidote against 0 ery throidine and dihy dro 0 
erythroidme The antagonism between prostigmine and the two Erythnna 
alkaloids is mutual 

10 In contrast to the well known relation of tertiary and quaternary am- 
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monium groups in curare alkaloids to their neuro-muscular action, conversion 
of .tf-erythroidine into the quaternary metho salt (/S-erythroidine methiodide) 
decreases the curarizing action to about one-hundredth of the tertiary base. 
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In studies covering fiftj-one out of the one hundred and five species of Ery- 
thnna known at present, it was found that the seeds of all species investigated 
possess curare like action when tested on frogs (1) The curanzing potency 
of the seeds, varying in wide limits among the different species but surprisingly 
uniform m samples of an} one given species gathered from widely separated 
regions, appears to be a characteristic feature of the genus, Erythnna It has 
been shown by Folkers and his associates that the seeds of Erythnna contain a 
mixture of hitherto unknown alkaloids 

Subsequent to the isolation of crythroidme from Erythnna amencana Mill 
(2) other alkaloids have been isolated some of which, like /3-erythroidme, are 
readily soluble m water as well as in chloroform Among these alkaloids, ery- 
thraraine, erythralme and erythratme have been obtained in an established 
pure form Studies on the constitution of these substances (3) revealed that 
erjthralme, CnH^NOj, differs from erythramine, CuH^NOj, by the presence 
of one additional ethjlemc double bond, erythratme, CigH !t NO<, contains an 
additional non phenolic hydroxj 1 group All three alkaloids contain a tertiary 
nitrogen atom and react with methjl iodide to give the corresponding meth- 
lodides 

The pure alkaloids produce the same curanzing effect as that observed with 
crude seed extracts However, the yield and potency of the alkaloids isolated 
from the chloroform fraction failed to account for the high curanzing activity 
of the seed extracts prcviouslv reported (1) For instance, seeds of Erythnna 
glauca Willd (sample Haigh 9170) contain onlj 0 4% or 4 mgm of these alkaloids 
per gram, an amount bare!} sufficient to paralyze 1 kgm of frog, whereas the 
extract of one gram of seed was found to paraljze about 33 3 kgm of frog 
From this and other experiments it became apparent that the activity of the 6eed 
extracts did not always represent a measure of the amount of alkaloids which 
could be isolated as the free 1 fraction This discrepancy between the potency 
of the seed extracts and the jield of free alkaloids suggested further chemical 
and pharmacological studies on the crude extracts After removal of the free 
alkaloidal fraction, aqueous extracts of the seeds of Erythnna glauca Willd 
and of other species were found to possess almost the same or only slightly less 
activity when retested on frogs It was therefore concluded that the seeds 

1 This fraction has been designated is the free alkaloidal fraction to distinguish it from 
the fraction liberated by hydrolysis The latter has been designated as the liberated alha 
loidal fraction and the combined alkaloidal fraction refers to this fraction before hydroly 
sis (5) 


53 



•54 


KLAUS UNNA AND JOSEPH G. GRESLIN 


contain besides the free alkaloidal fraction other alkaloids of quite different 
solubility characteristics. 

From the combined fraction Folkers and his associates have isolated by acid 
hydrolysis a new series of alkaloids of which eiysopine, erysovine, erysodine 
and erysonine have been established in pure form (5, 6). The names of these 
liberated alkaloids were derived from the stem eryso- in order to distinguish 
them from the free alkaloids for which the stem erythr- was selected. Prior 
to hydrolysis, the liberated alkaloids exist in a combined form. Further chemi- 
cal research showed the combined forms were alkaloidal esters of sulfoacetic 
acid (7). Thus, hydrolysis of two pure isolated combined alkaloids, eryso- 
thiopine and eiysothiovine, gave erysopine and erysovine respectively and one 
molecule of sulfoacetic acid. 

This paper is concerned with the pharmacologic action of various free, liberated 
and combined Erythrina alkaloids and some substances derived from these 
alkaloids. Their action has been compared to that of /3-erythroidine (8). 

The substances used in this study were obtained through the courtesy of Dr. 
Karl Folkers. The free alkaloids erythramine, erythraline and erythratine were 
available in the form of their hydrobromides and hydroiodides; dihydro-ery- 
thramine and dihydro-erythratine in the form of their hydrobromides. All 
substances are crystalline and readily soluble in water. The quaternary metho- 
salts of erythramine and erythratine were obtained through the reaction of the 
tertiary bases with methyl iodide. 

The liberated alkaloids erysopine, erysovine, erysodine and erysonine were 
available as free bases, and were used in aqueous solutions in the form of their 
hydrochlorides, erysodine also in the form of its sodium salt. Of the hydrogen- 
ated derivatives, tetrahydro-erysopine and tetrahydro-erysodine were obtained 
as hydrobromides. The combined alkaloids were represented by the sodium 
salts of erysothiopine and erysothiovine. 

Curarizing effect in frogs. The potency of the alkaloids was tested in frogs 
kept at a constant temperature of 20°C. All alkaloids, with the exception of 
tetrahydro-erysodine, were found to possess curarizing effects. Electric stimu- 
lation of the sciatic nerve failed to elicit any response from the gastrocnemius 
muscle, whereas direct stimulation of the muscle was effective. The threshold 
for the direct stimulation remained unchanged during the paralytic stage. The 
minimum doses of the various substances causing complete block of the neuro- 
muscular transmission are summarized in table 1 . 

Erythramine and erythraline possessed the same potency (10 mgm. per kgm.) 
whereas erythratine was much less effective. Dihydro-cry thraniine and dihydro- 
erythratine were markedly less effective than the parent substances, and the 
conversion of either one of the three free alkaloids into their respective metho- 
salts decreased their curariform action. Among the liberated alkaloids ery- 
sovine was the most potent, closely followed by erysopine. Erysovine was 
equally effective in the form of the hydrochloride and as the sodium salt. Of the 
hydrogenated derivatives, tetrahydro-erysopine had only one-tenth of the 
activity of erysopine, and tetrahydro-erysodine failed to cause complete curari- 
zation when tested at 300 mgm. per kgm., thirty fold the effective dose of cry- 
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iodine The combined alkaloids crysothiopine and cry sothiovmc were equally 
effective, {surpassing in. potency nil other subst inccs 
Ihe average duration of the p iralysis and its prolongation by increased doses 
of \arious alkaloids arc summarized in table 2 The paralysis caused by the 
free alkaloids was short lasting, whereas the liberated and combined alkaloids 
liad a prolonged effect Erysopinc had the most persistent action of any of the 
alkaloids A threshold dose of this substance paralyzed the frogs for 24 hours, 

TABLE 1 


Potency of crythrtna alkaloids in frogs 



UINIUVU CU*A*I«HG COSE 

BY ISTBALYUrnvriC INJECTION 


mpn firkin 

Tree alkaloids 


Erythramme IIBr 

10 

Dihydro-erythraminc HBr 

300 

Lrythramme mcthiodidc 

40 

Erythrahne HBr 

10 

Erythraline mcthiodidc 

50 

Erythratinc HBr 

75 

Dihydro erythratinc IIBr 

100 

4 ry th rati no mcthiodidc 

300 

Liberated alkaloids 


Erysopinc HC1 

4 

Tctrnhydro crysopine HBr 

40 

Lrysovinc HCl 

3 

Sodium crysounatc 

3 

Erysodme HCl 

10 

Tetrahydro-crysodmc HBr 

>300 

Erysomnc IIC1 

100 

Combined alkaloids 


Sodium crysotlnopinate 

1 

Sodium crysothiownate 

1 


ten fold this amount pioduced paralysis lasting for about 5 days from winch 
some frogs failed to ieco\cr In the duration of its action, crysopine was 
distinctly different from cry sov me The combined alkaloids, crysothiopine and 
orysothiovme houcvei, had the same long lasting effect 
Toxicity tn mice The toxicity of ‘•ome of the alkaloids wjj,s determined m 
mice following subcutaneous or oral administration, 10 animals, being used for 
each dose level (table 3) Aft animals lcceivmg lethal doses apparently died 
of rexpnatory failure due to paralysis of the diaphragm Death usually oc- 
cur] ed within 1 to 3 hours The heait continued to beat for several minutes 
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after the respiration had ceased. Among the free alkaloids erythramine was 
less toxic than erythraline although both alkaloids were equally effective in 
frogs. Of the liberated alkaloids, erysopine was the most toxic. Erysothiopine, 
contrary to its effectiveness in frogs, was markedly less toxic than erysopine when 
tested on mice by subcutaneous injection. The oral toxicity was determined 
for erythraline, erysodine and erysopine. In all instances, the toxic doses were 
from 10% to 50% larger than those established by r subcutaneous injection. 

TABLE 2 


Duration of paralysis in frogs, expressed by the lime interval between injection and complete 
recovery for Ike average of 10 frogs on each dose level 


ERYTHRAMINE 

ERYTHRALINE 

ERA SO\ INE 

ERYSOPINE 

ER\ SODIVE 

ER\SOTHIOPINE 
FRYSOTHlOt INE 

Mgm / 
kgm 

Duration 

M £ m/ 

Ism. 

Duration 

Mgm / 
kgm 

Duration 

Mgm / 
kgm. 

Duration 

Mgm ( 
kgm 

Duration 

10 

3 lirs. 

3 

G hrs. 

4 

24 hrs. 

10 

10 hrs. 

i 

24 lire. 

100 

2 days 

G 

10 hrs. 

S 

1 .5 days 

20 

24 hrs. 

3 

30 hrs. 

200 

3 days 

10 

15 hrs. 

12 

2 5 days 

40 

2 days 

10 

2 days 

400 

Died 

20 

24 hrs. 

20 

3.5 days 

100 

Died 

50 

Died 



30 

2 days 

40 

5 days 







100 

Died 


40% Died 









100 

Died 






TABLE 3 

Toxicity of various crythrina alkaloids in mice 



LD 50 (uCM. PER KCM ) 


Subcut. 

Oral 

Free alkaloids 



Erythramine HBr . j 



Eiythraline HBr 

72 

80 

Liberated alkaloids 



Erysopine HC1 

14.8 

18 

Erysodine HC1 


155 

Combined alkaloids 



Sodium erysothiopinate 

70 



Effect on circulation. The effect of intravenous injections of various alkaloids 
was studied in rabbits, cats and dogs anesthetized with sodium-pentobarbital. 
The free alkaloids, erythramine and erythraline showed no significant difference 
in their action upon the blood pressure and the heart rate; the intravenous in- 
jection of 3 to 5 mgm. per kgm. of either one of these alkaloids was fatal in cats. 
Both alkaloids caused a shaip fall in blood pressme returning to its original 
level within 3 to 15 minutes depending on the amount injected (0.25 to 1.5 mgm. 
per kgm.). Thus, the effect of these alkaloids on the blood pressure was of 




EUYTHKIVA ALKALOIDS II 


57 


the simp *hoit duration as observed with /S-ervthu>idine (8) but the fall in 
blood pressure was more marked than that following 0-erytht online Fuithcr- 
mine, in Contrast to /S-eiythroidinc, orythramtne and cry thrahne significantly 
deci eased the heait rate in cats, when doses smaller than the paralyzing dose 



t 


Tin 1 T>ffct or EmsoriNB ov Heart Hate and Hiood Pnissimr 
C 

It • 5 

mtr ' ■ 

"Die injected The slowing of the heait rate was transient, its duration paral- 
lehng that of the dcpicssion of the blood picsstuc Intravenous injections of 
atropine (2 mgm. per kgm ) failed to jn event either the decrease in heait rate 
or the fall in blood-pressure 

The liberated alkaloids, cry sopine and eiysmine caused deciease in tlic 
blood piessuie and slowing of the heait rate which was moie pronounced than 
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A 

Fig. 2A. Effect of Envsovi.vE on Heart Rate and Blood Pressure 
Dor, Okgm., anesthetized with 3 Oragm. per kgm. sodium pen tobnrbifnl intraperitoncally. 
HR: Heart rate, beats per minute. BP: carotid blood pressure, mm Hr. Time in 30 
seconds. The animal was Riven a total of 4 mgm per kgm atropine sulfate intravenously. 
A, crysov ine, 0.5 mgm per kgm. 



B 

Fig. 2B. Effect of Ervsothiovine on Heart and Blood Pressure 
Same experiment as in Fig. 2A. B, crysothiovinc, 0.25 mgm per kgm. 
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than tliat obsetved with any of the free alkaloids Also, the duration of these 
effects on the circulation was prolonged Ervsovme appeared to be slightly 
more effective than crysopme rrvsopinc, honour, surpassed ervsovme in the 
duration of its depressing effects upon both blood pressure and heart rate 
Figure 1 illustrates the effect of crysopme on an anesthetized cat, the dose of 
1 mgm per kgm did not influence the respiration, but slowed the heart rate 
from 200 to 130 beats pel minute and lowered the blood pressure fiom 110 to 
70 mm Hg Blood pressure and heart rate gradually regained their original 
levels within *45 minutes In dogs, depression of the blood pressuie and of the 
heart rate wcie observed with doses of 0 2 mgm per kgm of crysovmc, repre- 
senting less than 10% of the parah zing dose 1 he effect of 0 5 mgm per kgm 
er\ «o\ me upon the heait rate and blood pressure of i dog is illustrated in figure 
2A The slowing of the heart rate (from 175 to 120 beats per nun ) persisted 
much longer than the depression of the blood pressure It subsided gradually 
and *15 minutes after the injection, the heait rate readied its prev ious frequency 

The effects on blood pressuie and heirt rate in these experiments were not 
influenced h\ atropine In (logs anesthetized with sodium pentobarbital 
atropine often failed to mcieasc the heait rate significant In order to be 
assured that sufficient atropine had been gi\cn to paralyze the vagal endings, 
either the \ igal nerves were stimulated or tin effect of c irbanunovl cholme was 
tested befoic and aftci atropine Dogs anesthetized with sodium pentobarbital 
requned comparitivcly Urge amounts of atropine foi the abolishment of vagal 
responses In atiopinized dogs, orvsovim. (fig 2A) and crvsotluovme (fig 2B) 
still produced a marked dcireasc in both heait rate and blood pressure Hiesc 
effects were not sigmfiu mtly different from those obtained without atropim 
zation 

Ervsothiovinc (fig 2B) and ensotlnopmc caused a depression of both the 
heart rate and the blood pressure comparable to that obtained with ervsovine 
and ervsopme The effective doses of the combined alkiloids, houevei, were 
smaller than those of the liberated alkaloids 

Discussion All I rythrina alkaloids investigated possess true curare action, 
although the potency vanes grcatlv among the different alkaloids Thev also 
differ markedly m the duration of their action Differences m potency and 
duration of effects between 0-crv throidmt ind some substances derived from it 
particularly dihydro 0-ery throidinc, have already been repoi ted (8) A compan 
son of the efficacy of the fiee, liberated and combined alkaloids and the durition 
of their action in frogs is presented m figure 3 

The free alkaloids, 0-cry throidine, erythramine and eiythmlmc share a 
characteristic feature m that their action is remarkably short The smallest 
effective doses ranging from 3 to 100 mgm per kgm are similar in both the 
free and liberated alkaloids, but the action of the liberated alkaloid-* is more 
persistent Frysovine, for instance, causes paialysis lasting more than twice 
as long as that following 0-eiy throuline, although the smallest effective doses of 
both substances arc the same On the other hand the combined alkaloids 
erv sothiopim. and irysotluovim aie effective in much smaller amounts thin the 
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corresponding liberated alkaloids. The duration of their effect is either equal to, 
(erysothiopine) or more prolonged (erysothiovine) than, that of the liberated 
alkaloids. 

The duration of the paralysis caused by these alkaloids can be prolonged by 
increasing the dose. Of the free alkaloids, erythramine, erythraline and [i- 
erythroidine, frogs tolerate amounts from 20 to 80 times greater than the smal-' 
lest effective dose, recovering completely after 3 to 5 days. The effect of the 
liberated alkaloids, erysodinc and crysopine, however, becomes irreversible 
"'hen 10 times the threshold dose is given. The difference in the spread from 
the minimum effective to the lethal dose between the free and liberated alkaloids 
apparently indicates that the short acting free alkaloids are metabolized at a 
faster rate than the liberated alkaloids. 


CRYSOTHtOPwE 

CRySOTH)OYIN£ 


EBrtOOtNE 

EtrtSOPMZ 



] 

] 


] 



MGM /KGM HOURS 

Fm. 3. Comparison betwbbn tub Efficacy and tub Duration of tub Action of 
Erythiuna Aukm.oids in Froc.s 


In general, the order of toxicity of the alkaloids in mice corresponds to that 
of their potency in frogs. A notable exception was found in erysothiopine 
which in the form of the sodium salt 3 was much less effective in mice than was 
anticipated from its high potency in frogs. On intravenous injection in cats, 
however, erysothiopine was more effective than crysopine ; paralysis of the 
diaphragm and death were obtained with 0.8 mgm. per kgm. erysothiopine as 
compared to 2 mgm. per kgm. erysopine. 

The circulatory effects of the various alkaloids reported in this study are 
more pronounced than those obtained with /3-erythroidine (8). This is especially 
true for the liberated and combined alkaloids which lower the heart rate and 
depress the blood pressure in quantities which are only fractions of their paralyz- 

5 The sodium salts of the alkaloids were less stalde on standing in aqueous solutions 
(pH 10-14) than solutions of the hydrochlorides which showed unaltered activity when re- 
tested after 3 months. 
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ing doses. Atropine given in doses sufficient to paralyze the vagal ending fails 
to prevent the decrease in heart rate in animals anesthetized with sodium 
pentobarbital. ITcnce, it is concluded that the bradycardia observed is due 
to a direct action of these alkaloids upon the heart. 

Hydrogenated derivatives of free alkaloids, (dihydro-erythramine and dihy- 
dro-erythratine) and of liberated alkaloids, (tetrahydro-erysopine and tetrahy- 
dro-crysodine) were considerably less active on frogs than their parent alkaloids. 
This is in contrast to the findings with the hydrogenated derivatives of (3- 
erythroidine; dihydro-/S-erythroidine was about C times more active in frogs 
than j9-crythroidinc. 

Conversion of crythraminc, erythraline and erythratine into their methiodides 
decreased their curarizing action to one-fourth or one-fifth. An even greater 
decrease in activity had been obtained by the conversion of /3-erythroidine into 
/3-erythroidine methiodide. Thus, the quaternary metho-salts of all free alka- 
loids were found to be less active than the tertiary bases. 

SUMMARY 

1. The following 9 alkaloids isolated from seeds of species of the genus Ery- 
thrina: erythramine, erythraline and erythratine (free alkaloids), erysopine, 
ervsovine, crysodine and crysonine (liberated alkaloids), and erysothiopine and 
erysothiovine (combined alkaloids) produce typical curare-likc action. 

2. The potency of these alkaloids and of some derivatives has been determined 
on frogs; the greatest activity was found with the combined alkaloids. 

3. The combined and the liberated alkaloids have a more persistent action 
than the free alkaloids. 

4. The order of toxicity of various alkaloids in mice following oral and sub- 
cutaneous administration followed, in general, that of their potency in frogs. 

5. Intravenous injections especially of the liberated and combined alkaloids 
depressed the blood piessure and lowered the heart, rate to a greater extent than 
did /3-erythroidinc. 

0. Atropine failed to influence the bradycardia in cats and dogs anesthetized 
with sodium pcntubarbital. 

7. In contrast to the findings with /3-crythroidinc and dihydro-/3-erythroidine, 
hydrogenated derivatives of erythramine, eiythratinc, erysopine and crysodine 
are less active than the paient alkaloids. 

8. The quaternary mctho-salts of crytln amine, erythraline and erythratine 
are, like that of /3-erythroidine, less active than the tertiary bases. 
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The curarizing effect of extracts of Erythrina crista galli (ceibo) was described 
toward the end of the last century (for old references see Cicardo and Hug (l)) r 
but its mode of action has not been thoroughly Worked out. The aim of the 
present work was to study the curarizing action of the alkaloids of Erythrina and. 
to see if they have any other pharmacological effects of interest. 

Methods. All the experiments were done on catB weighing 2} to 3 kgm., anesthetized 
with dial (Ciba, 0.75 cc. per kgm. injected intraperitoneally). When in rare cases this 
anesthesia was insufficient, it was supplemented by urethane (25%) injected intravenously. 

A. Skeletal muscle. M. quadriceps was used. The leg was fixed by means of drills in the- 
two ends of the femur. Electrical stimulation of the crural nerve was affected by condenser 
discharges timed by an oscillator. Injections, both of acetylcholine, used as a stimulant of 
denervated muscles, and of the Erythrina, were made into the femoral artery close to the- 
muscle so that the latter would receive most of the injected drug. 

B. Nictitating membrane. After enucleation of the eye the contractions of the nictitating, 
membrane were recorded on stimulation of the pre- and postganglionic nerves. Acetyl- 
choline was injected into the carotid artery in doses of 30 to 50 micrograms. 

C. Pupil. The pre- and postganglionic parasympathetic nerves as well as the postgangli- 
onic sympathetic nerves were stimulated. For stimulation of the preganglionic parasym- 
pathetic fibers the electrodes were placed on the third nerve where it passes through the- 
bony canal, leaving the cranial cavity and entering the orbital cavity. Here the nerve- 
iB isolated but very fragile because it has lost its sheath. For stimulation of the post- 
ganglionic parasympathetic fibers the technique described by Luco and Salvestrini (2) 
was employed. Erythrina waB injected into the carotid artery except in the cxperimcnts : 
in which sympathetic and parasympathetic fibers were stimulated simultaneously. In 
these cases it was injected intravenously. 

D. Submaxillary gland. The rate of salivary secretion was determined by recording, on' 
a kymograph, the drops falling from a cannula placed in Wharton’s duct. The chorda tym- 
pani was stimulated, and acetylcholine was injected intraarterially in doses of 10 to 20' 
micrograms. 

In all the experiments the electrical stimuli were maximal. The Btimuli were condenser 
discharges controlled cither by electronic valves or by a Harvard inductorium whose pri- 
mary coil was connected to the secondary of a step-down transformer delivering 4 volts at 
50 cycles per second. 

The following drugs were used: an alcoholic extract of Erythrina seeds (obtained from 
Prof. Hug, of the Instituto de Farmacologia in Rosario, Argentina), diluted to 1/10, and an 
aqueous solution of the residual after distillation of the alcoholic extract, also diluted to 
1/10; acetylcholine chloride (Merck); prostigmine (Roche). 

Results. A. Skeletal muscle. 1. Indirect electrical stimulation: Various doses of 
Erythrina injected during electrical stimulation at various frequencies caused in 
all cases a depression of the response (figs. 1, 2, and 3). This confirms the de- 
pressing effect of this drug on skeletal muscle described by Cicardo and Hug (I). 
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If a slow test frequency (6 to 25 per min.) was interrupted for 5 to 20 sec. by a 
tetanizing frequency during the depression produced by Erythrina, there occurred 
a post-tetanic decurarization similar to that observed by Boyd (3) with curare 
(fig. 3). Tho injection of various doses of prostigmine during the Erythrina 
depression also produced recover}' (fig. 2), similar to what is seen in curare 
depression. 



Fio 1 ria.2 Fia.3 


Via 1 Effect of Erythrina on the contraction of M quadriceps stimulated indirectly 


mark, tetanmng current at a frequency of 300 per sec for 20 see Loner signal 1 mm 
intervals 



Pin 4 Stimulation of M ouadriccps, denenated 8 days previously, by intrafcmoral 
injections of acetylcholine in doses of 30 micrograma tipper signal each mark indicates 
the moment of injection of acetylcholine, the arrow indicates the injection of 0 20 cc of 
alcoholic extract of Erythrina Lower signal 1 mm. intervals 
Note at the right complete recovery after | hr 


2. Simulation by acetylcholine * The injection of Erythrina during stimulation 
by acetylcholine of muscles denervated 8 to 12 days previously produced a de- 
crease of the response to acetylcholine (fig 4). 

B. Nictitating membrane. 1. Indirect electrical stimulation: The administration 
of Erythrina during stimulation of the preganglionic fibers produced a depression 
of the response of the nictitating membrane even with small doses (| of the dose 
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necessary to paralyze respiratory movements), while its administration during 
stimulation of the postganglionic fibers had no effect on the response even with 
doses double that necessary to paralyze respiration (fig. 5). Thus the effect of 
Erythrina is the same as that obtained in this preparation with curare by Luco 
and Mesa (4). 



V 




Fig. 5. Nictitating membrane. Simultaneous stimulation of the preganglionic fibers 
on one side (lower tracing) and the postganglionic fibers on the other side (upper tracing), 
in the same animal. Upper signal : the mark indicates the injection of 0.20 cc. of Erythrina. 
Middle signal: duration of the electric stimulation. Lower signal: 1 min. intervals. 

2. Stimulation by acehjlcholinc: As described by Rosenblueth and Cannon (5), 
intraarterial injections of acetylcholine produce a double response of the nictitat- 
ing membrane. The earlier part of the response (noted by an arrow in figure 6) 
corresponds to the excitation of the membrane by postganglionic nerve impulses 
set up by the acetylcholine in the ganglion, while the later part corresponds to the 
stimulation of the membrane itself by acetylcholine arriving via the blood stream. 
As may be seen in figure G, the injection of Erythrina in doses of 0.10 cc. (-J of the 
dose necessary to paralyze the respiration) produces an intense depression of the 
ganglionic response without significantly affecting the response of the membrane 
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to the acetylcholine. The same was true c\cn with lirger doses in other ex- 
periments. 

C. Pupil. 1. Stimulation of the preganglionic parasympathetic fibers’ The 
stimulation of preganglionic parasympathetic fibers, like that of preganglionic 
sympathetic fibers (see Section B 1, and fig 5), produce* a ic*ponsc whose ampli- 
tude falls rapidly to a lower lex cl, which is maintained for some time (Luco and 
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Tio G Lffcct of Erj thnna on the superior cmicnl g Inchon mul the nictitating imm- 
brane stimulated by acctvlcholino The arrows on tin trieinp point to the penks of the 
early p irts of the rc sponses, com spending to stimulation of the p hi plum l ppor signal 
each mirk r« presents the injection of -10 muropnms of acptv lchniniL Middle sipnil 
injection of 0 10 cc of llrj thrma Lower signal 1 mm mtirvals 




The arrows on the curve show, respectively, the times at winch the above photographs 
were taken 

Sahestnni (2)). During this stable period m the response, injections of Ery- 
thrina m doses of 0 10 to 0 90 cc. (J to triple the do*e necessary to paralyze 
respiration) produces a rapid depression, even with the smallest do^es u c ed. 

2. Stimulation of the postganglionic sympathetic and parasympathetic fibers’ 
The administration of Erythnna during stimulation of the postganglionic para- 
sympathetic fibers causes a decrease of the pupillary' constriction (fig*. 7 and 8). 
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Its administration during stimulation of the postganglionic sympathetic nerves 
does not affect the pupillary dilatation (fig. 8). 

These results agree with those observed by Luco and Mesa (4) on administer- 
ing curare in the same preparation except with respect to the doses of the drugs. 
The depressing dose of curare was 3 to 5 times the dose of curare necessary to 
paralyze respiratory motions. With Erythrina, however, depression occurs with 
a dose of only f of that which paralyzes respiration. As with curare, there was 
never a complete dilatation of the pupil when Erythrina was injected during post- 
ganglionic parasympathetic stimulation even when the doses were 3 to 4 times 
the dose necessary to paralyze respiration. 



Fig. S. Stimulation of the sympathetic and parasympathetic postganglionic fibers in 
the same animal. On the right, time in minutes. On the left, A and C indicate beginning 
and end of the stimulation; B, injection of 0 30 cc. of alcoholic extract of Erythrina. 

D. Submaxillary gland. 1. Stimulation of the chorda tympani ( preganglionic 
parasympathetic fibers): The injection of Erythrina in various doses produced 
complete or partial curarization of the ganglion, according to the dose injected 
(figs. 9 and 11). The injection of prostigmine without Erythrina had no effect 
on the gland, but prostigmine injected during Erythrina depression caused a 
deeurarization similar to that seen in the neuromuscular junction. 

2. Slirmdalion by acetylcholine: Contrary to previous observations, small doses 
of Erythrina elicited a clear increase in the response of the gland (figs. 10 and 11). 
If, however, the first small dose was repeated at short intervals, the subsequent 
doses produced a typical paralysis, partial or complete, according to the total 
dose (fig. 10). The injection of a large dose (( to f of that necessary' to paralyze 
respiration) could produce either an initial facilitation followed by a depression, 
or a pure depression even to complete curarization (fig. 10). Block with curare 
in this gland was demonstrated by Luco and Altamirano (6). 
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The potentiation demonstrated in these experiments may explain the intense 
salivation observed by Lehman, Chase, and Yonkman (7) in animals which had 
received Erythrina alkaloids. 

The curarization observed cither with stimulation of the chorda tympani or 
with acetylchobne was decreased or abolished by prostigmine (figs. 9 and 11). 



Fia 9 Secretion from the eubmaxillary gland on stimulation of the chorda tympani. 
Ordinates drops falling from a cannula placed in Wharton’s duct. Abscissae time in 
minutes 

Each arrow marked P indicates injection of 10 rmcrograms of prostigmine C, injection 
of 0 10 aqueous solution of Erythrina 




'choline Ordi- 
■ me in minutes 
ct of Erythrina 


■ ' ' • acetylcholine 

■ , ijections affect 

both responses A and B, respectively, 0 05 and 0 20 cc of aqueous solution of Erj thnna 
C, 10 micrograms of prostigmine 


Discussion: The simple method of extraction used with the Erythrina seeds 
makes it impossible to attribute the effects described to a single alkaloid. 

In some experiments the alcoholic extract was used, and in others an aqueous 
solution of the residual after distillation of the alcoholic extract. This is of espe- 
cial interest in the submaxillary gland, since Ettinger, Brown, and Megill (8) 
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report a lowering of the threshold to acetylcholine on the injection of alcohol. 
Their finding was confirmed in a series of experiments in which the same concen- 
tration of alcohol was injected as occurs in the alcoholic extract of Erythrina 
(6 to 8%). The response of the gland to injections of acetylcholine was aug- 
mented. In order to avoid this potentiating effect of alcohol, the experiments 
were repeated with an aqueous solution of Erythrina. The result was the same 
as described in Section D 2. 

The effectors studied may be classified, after Dale, into one group innervated 
by cholinergic nerves and another, innervated by adrenergic nerves. The former 
group may be subdivided into two groups, nicotinic and muscarinic. 

I. Nicotinic effectors used: 

A. Skeletal muscle (Section A). 

B. Sympathetic ganglion (Section B). 

C. Parasympathetic ganglion (Sections C 1, and D 1). 

II. Muscarinic effectors used: 

A. Pupillary constrictor muscle (Section C 2). 

B. Salivary gland (Section D 2). 

III. Adrenergic effectors: 

A. Nictitating membrane (Section B 1). 

B. Pupillary dilator muscle (Section C 2). 

Whether the nicotinic effectors were stimulated by acetylcholine or through 
their nerves, their responses were always depressed (curarization) by Erythrina. 

AVhen the pupillary constrictor was stimulated via its nerves, the effect of 
Erythrina was pure depression. In the salivary gland stimulated by injected 
acetylcholine, however, it produced first potentiation and then depression. 
y In the adrenergic effectors the doses of Erythrina used did not modify the re- 
sponses to stimulation via the nerves. 

It is apparent that the alkaloids of Erythrina affect the organs stimulated by 
acetylcholine and do not affect those stimulated by sympathin. In this respect 
these alkaloids are like curare, which was shown by Luco and Mesa (4) to act only 
on effectors innervated by cholinergic nerves, irrespective of whether they were 
nicotinic or muscarinic. 

Further similarities to curare are found in the antagonism of prostigmine to 
Erythrina (fig. 2) and in the typical post-tetanic decurarization seen during the 
Erythrina depression (fig. 3). In addition, Erythrina, like curare (Rosenblueth 
and Luco (9)), raises the threshold of the effectors to acetylcholine. 

All these considerations suggest that the mechanisms of the two drugs are the 
same, despite the fact that Harris and Harris (10) have shown that they react 
differently with cholinesterase. 

Besides the depressive action, Erythrina has a facilitating effect on the salivary 
gland stimulated by injected acetylcholine, but not when stimulated via its 
nerves. This difference may depend on the fact that autonomic nerve endings 
frequently penetrate to the interior of the effector cells, while injected acetyl- 
choline arrives at their external surfaces. The facilitating action may depend 
on the function of the cellular membrane. 
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Could this facilitating effect depend on an impioxemcnt of the local cir- 
culation? This explanation might be fa\ ored because Erythrma produces 
a fall of artenal pressure (Cicardo and Hug (1)) It can, howeaer, be excluded 
on the basis of the following considerations 1 The doses used are small com- 
pared to those which cause hypotension, 2 repeated injections of ncetxlchohne 
produce a continual change in the cnculation of the gland without altering 
the response to the injected acetylcholine, 3 the injection of prostigmine (see 
figure 9), also a hy potensn e drug, does not change the response to acetylcholine, 
and 4 the frequent injections into the carotid artery, which surely provoke 
changes of pressure m the effector, do not modify the responses 
The double effect of Ery thrina recalls the double effect of prostigmine or nico- 
tine on nicotinic effectors, but the alkaloids of Erythrina have this double 
effect on muscarinic effectors 

SUMMARY 

The effects of alcoholic and aqueous extracts of Ery thrma crista galli (ceibo) 
were studied in cats anesthetized with dial 
These extracts produce a depression of the responses of effectors innervated 
by cholinergic nerves when these effectors arc stimulated bv injected acetyl- 
choline or through their nerves In the doses used, they' do not affect the 
organs innervated by adrenergic nerves 
Tins curanzing effect is antagonized by prostigmine (fig 2) and, at the neuro- 
muscular junction, also by the application of a tetanus (post tetanic dccurar- 
ization, fig 3) 

Besides the curarizing effect, it is shown that in the submaxillary gland 
stimulated by acetylcholine small initial doses of Erythiina provoke a clear 
increase of the response and large doses cause a decrease (figs 10 and 11) In 
some cases a moderate dose could produce both effects, first potentiating and 
then depressing 
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These quantitative studies of fluorescent spectra were undertaken because the 
information ivas considered desirable in connection with the use of fluorometric 
methods for the determination of atabrine and because it was hoped that the 
comparison of fluorescent spectra might be helpful in the identification of degra- 
dation products of atabrine in biological materials. 

Methods. The intensities in the fluorescent spectra were measured by a photographic 
method. The general principles on which this method is based are explained in detail in 
articles by Harrison (1, 2) and by Jones (3). 

Fluorescence was excited by the light of a mercury arc passed through Corning filters 
5840 and 738. The 365 mji line is the only strong line of the mercury spectrum passed by 
these filters. 

All of the solutions were at a temperature of about 25°. They were contained in rec- 
tangular glass cuvettes. The spectrum of the fluorescent radiation emerging at right 
angles to the exciting light was photographed with a prism spectrograph. 

For the preliminary determination of the shape and extent of the spectra, they were 
usually photographed on Eastman Super-XX cut film, which was found suitable for this 
ipurpose because of its high speed, medium contrast, and wide latitude. The regions of 
L'peak intensity were redetermined on Eastman Spectrographic Plates type 1II-B or 103-B, 
which have emulsions of much higher contrast. 

' For the calibration and standardization of the photographic emulsion, a tungsten fila- 

ment lamp operating at a color temperature of 2800°Iv was used. The energy distribution 
of this source was assumed to be that given by Planck’s Lawfor a black body at that temper- 
ature. The intensity of light from the standard source was varied by means of a rotating 
sectored disk of adjustable aperture delivering 50 flashes per second. In view of the work 
of Webb (4), this frequency was considered high enough to make any reciprocity-intermit- 
tency errors unlikely. On each film or plate were photographed one or more fluorescent 
spectra together with a scries of spectra of the standard source at different intensities. 

The densities of the silver deposits were measured with a photoelectric microphotomcter 
and the intensity of the unknown spectrum at any wavelength determined by a process of 
interpolation. 

The absorption spectra were measured with a Ccnco-Sheard “Spectrophotelomcter”. 

The fluorescent spectra and the adjacent portions of the absorption spectra 
are shown in the charts. The absorption spectra are shown by the dotted lines 
and the fluorescent spectra by the solid lines. In each fluorescent spectrum the 
maximum intensity found in that spectrum is arbitrarily represented as 100 and 

l The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Vanderbilt University. 
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the radiant intensities at other wavelengths are expressed relative to that. The 
peak intensities of the eight fluorescent spectra studied stand in approximately 
the following ratios. (These ratios arc not precise. The exposures were neces- 
sarily made at different times and for diffeicnt lengths of time. The calculation 
of the ratios therefoie involves the assumptions of the constancy of the exciting 
light and the validity of the reciprocity law for the photographic emulsion.) 


Atahrinc in phosphate buffer pH 5.9 . ..10 

Atabinc in phosphate buffer pH 8.0 . . 6.4 

Atabrinc in benzene .. 5.2 

Atabrine in isoamyl alcohol . . . 17.0 

Atabrinc in lactic acid . . 8.5 

3-Chloro-7-methoxy-9-nmino acridine 65 

3,9-Dichloro-7-methoxy acridine 65 

3-Chloro-7-mctho\y-9*ncridonc 47 


The form of all of these fluorescent, spectra and their relation to the absorp- 
tion spectra conform to the description given by Kauffmann (5) for other 
fluorescent dyes. That is, the fluorescent spectrum covers a wide band of longer 
wavelength than the absorption band but adjacent to it with some overlapping. 

Although the solvent affects the intensity - of atabrine fluorescence to a large 
extent, it has little influence on the relative distribution of energy in the fluores- 
cent spectrum. The curves for atabrinc in the first four solvents listed above 
scarcely differ by more than the experimental error. In lactic acid the peak 
intensity has shifted to a slightly longer wavelength. The curves for the other 
three acridine derivatives arc of the same general shape, but the peak intensities 
are at shorter wavelengths. 

In each of the eight cases studied here, any wavelength of light within the 
absorption band excites fluorescence. The maximum exciting wavelength cor- 
responds closely with the point at which the absorption band fades out. Thus 
450 mjt will excite atabrine in benzene but not the acridonc in benzene. 
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In a previous paper of this series (1), it was shown that the administration 
of acetanilide in doses of I, 2 and 3 grams daily for G weeks did not lead to an 
accumulation of methemoglobin. The methemoglobin formed by the acetani- 
lide given one day disappeared before the next, and the amount formed from the 
drug given on the succeeding day was no greater than on the preceding. With 
the two larger doses of acetanilide used, there was a moderate but progressive 
decrease in total hemoglobin; the average for 29 subjects fell from 13.0 to 11.3 
g. per 100 cc. in the course of a month. Since the amount of methemoglobin 
formed at the daily determination remained virtually constant, the per cent in- 
creased to the extent that the total hemoglobin decreased. The findings of these 
experiments suggest, but by no means establish, the possibility that the amount 
of methemoglobin formed is independent of the total hemoglobin. Such a possi- 
bility would imply a definite limitation to the administration of acetanilide in 
anemia. Thus, if the amount of methemoglobin formed were independent- of the 
total hemoglobin, the residual active hemoglobin would be decreased corre- 
spondingly with the anemia and any anoxemic effect would be proportionately 
exaggerated. This possibility has sufficient clinical importance to justify an 
investigation of the relation of methemoglobin formation to total hemoglobin. 

Cats were used as the experimental animal because of their sensitivity to 
methemoglobin formation. This sensitivity was particularly desirable since, 
with the dose of acetanilide necessary to produce large amounts of methemoglobin 
in less sensitive animals, such as dog and man, or, still more so, the rat, delay and 
variation in absorption introduce serious complications. 

Fifty-four experiments were carried out on 14 cats. The total hemoglobin of 
the animals ranged from 5.0 to 11.6 g. per 100 cc,; 4 of the animals were anemic 
initially and the remainder were rendered so, as desired, by daily withdrawal of 
blood. Acetanilide, suspended in gum acacia, was given by stomach to the 
fasted animals in doses of 10, 20, 35 and 50 mg./kg. The methemoglobin was 
determined (2) at 30 minute intervals until the maximum amount was reached 
and passed. Figure 1 shows the maximum concentrations at various doses of 
acetanilide in relation to the total hemoglobin. With a dose of 10 mg./kg. there 
was, as in the human experiments mentioned in the first paper of this series, little 
relation between the small amounts of methemoglobin formed- and the total 
hemoglobin. The residual hemoglobin was therefore nearly directly propor- 
tional to the total. In contrast, with a dose of 20 mg./kg., the amount of 
methemoglobin varied with the total hemoglobin; and with doses of 35 mg./kg. 
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and larger, the amount of mcthemoglobm formed \\ as expressed bj the relation 
Met = total Hb k The \ alue k, which corresponds to the residual hemoglobin, 
averaged 2 8 g w ith extremes of 2 1 and 3 2 Thus w ith doses of acetanilide large 



10 15 5 10 15 


TOTAL HEMOGLOBIN 

0 par 100 ce 

Fig 1 Relation of Metiiewoglobin and Residual Hemoglobin to Total 
Hemoglobin after Various Dosls of Acetanilide 

enough to produce considerable amounts of methemoglobin the formation vanes 
w ith the total hemoglobin but ceases at a residual hemoglobin sufficient to sup 
port the life of the animal 

The limitation to methemoglobin formation from larger doses of acetanilide is 
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further shown by data presented in figure 2. A cat was given acetanilide in 
doses of 10, 20, 35 and 50 mg./kg. at intervals of 1 week over a period of several' 
weeks and the maximum methemoglobin formation on each occasion was re- 
corded. The animal was then bled until the total hemoglobin was reduced to 
8 to 9 g. and was maintained at that level; the 4 doses of acetanilide were then 
given at intervals and the maximum amounts of methemoglobin formed again 
determined. The entire procedure was repeated at a total hemoglobin of 5 to 6 
g. With a dose of 10 mg./kg. there was little difference in the maximum amount 
of methemoglobin formed; with larger doses, the differences were wide. With 
50 mg./kg., 8.2 g. of methemoglobin were formed at a total hemoglobin of 11 to 



ACETANILIDE 

mg. p*r leg. 

Fig. 2. Maximum Formation of Methemoglobin from Acetanilide at Different 
Levels of Total Hemoglobin 


12 g.; 5.2 g. at a total hemoglobin of 8 to 9 g.; and 2.7 g. at a total hemoglobin of 
5 to 6 g. The residual hemoglobins were respectively 3.3, 3.2 and 2.8 g. 

In view of the fact that with a dose of acetanilide sufficient to cause consider- 
able formation of methemoglobin this formation varies with the total hemoglobin 
and that a minimal residual hemoglobin remains, irrespective of the amount of 
total hemoglobin, it would appear that anoxemia from methemoglobin formation 
from acetanilide is no more severe in the presence of anemia than in that of a 
normal amount of hemoglobin. It would appear further that because of the 
limitation to the formation of methemoglobin, methemoglobin itself is not a 
primary factor in any toxicity that this drug may have, and that in any one 
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species of animal tlie extent of mcthcmoglobin formation is not a measure of the 
toxic action of the drug- The animals u^ed in this study suruved doses of 
acetanilide which formed the maximum amount of hemoglobin, but could be 
hilled by massive do«es which produced no greater amounts Cats with high 
total hemoglobins gave a much greater amount of metliemoglobin than did ane 
mic cats, but required as large doses to hill as did the anemic cats 
Acetanilide docs not produce methemoglobin tn vitro In the hv mg animal, 
the methemoglobin from acetanilide results fiom metabolites of the acetanilide 
which are subsequently destroyed 01 eliminated The fact that in mo the for 
mation of methemoglobin is, for larger doses, and up to the limit of formation, 
proportional to the total hemoglobin implies either that the formation or destruc 
tion of the metabolite responsible for methemoglobin is influenced by the total 
hemoglobin, or, that the formation of methemoglobin by the metabolite is influ 
enced by the total hemoglobin 


CONCLUSIONS 

(1) With small doses of acetanilide, the small amounts of methemoglobin 
formed are independent of the total hemoglobin 

(2) With large do^es, the amounts of methemoglobin formed are proportional 
to the total hemoglobin, but, ev en w ith v erv large doses, the formation ceases at 
a residual hemoglobin sufficient to support life 

(3) Methemoglobin formation is not a primary factor m the toxicity of 
acetanilide 
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The formation of methemoglobin following administration of aniline and cer- 
tain aniline derivatives, such as acetanilide, is so obvious an effect that it has 
often been regarded as an important and even the main feature in the toxicity of 
these drags. This belief is not supported by any evidence; on the contrary, the 
comparative toxicities of acetanilide for single and repeated doses in animals of 
different species does not correspond to the order of sensitivity of these animals 
to methemoglobin formation (1, 2, 3). The results of the investigation reported 
here would indicate that the toxic effects are exercised by the aniline derivative 
itself or by its metabolites and that the formation of methemoglobin is not an 
important feature in the toxicity. 

The drags used here were those proposed as intermediary products of the me- 
tabolism of aniline and as the active agent in producing methemoglobin: /3-phen- 
ylhydroxylamine and p-aminophenol. The toxic effects and maximum formation 
of methemoglobin were determined in rats for a range of doses extending to the 
lethal. 

Total hemoglobin and methemoglobin were determined by the method of 
Evelyn and Malloy (4) on blood samples taken before and at intervals of 30 to 60 
minutes after administration of the drags. A curve for methemoglobin forma- 
tion was plotted for each animal following administration of the drug and the 
maximum formation taken from the curve (1). Methemoglobin is expressed as 
per cent of total hemoglobin; the total hemoglobin in all animals used was the 
same within ±0.5 g. and averaged'15 g. per 100 cc. of blood. The drugs were 
administered in water solutions by intraperitoneal injection. The /S-phenylhy- 
droxylamine was prepared by the method of Bamberger (5) and kept from de- 
teriorating by maintaining it under nitrogen and at a low temperature; and the 
p-aminophenol was given as the hydrochloride. 

The extent of methemoglobin in respect to the doses of the drugs administered 
is shown in figure 1 in which the abscissae indicate the dose of drugs given and the 
ordinate the maximum formation of methemoglobin in the animals given these 
doses. 

As shown previously for acetanilide (6), the amount of methemoglobin formed 
increased with increasing doses of both drags but reached a maximum after which 
further increase of dose caused no greater formation of methemoglobin. With 
p-aminophenol, the maximum formation of methemoglobin was 30 to 35 per cent, 
with (3-phenylhydroxylamine, 63 to 66 per cent. This maximum formation for 
any one species of animal thus appears to be a characteristic of the drug. The 
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maximum, as defined here, may possibly be used to give some indication of the 
nature of the intermediary produets, from the metabolism of aniline itself. 
Thus in one experiment 300 mg. per kg. of aniline hydrochloride was given to a 
rat and the maximum formation of methcmoglobin was 47 per cent. This 
maximum is above that which can be obtained with p-aminophcnol and therefore 
suggests that if p-aminophcnol is a product of the metabolism of aniline it is not 
the only mcthemoglobin-forming metabolite. 

The lethal dose for 0-phcnyIhydroxyl amine (Fig. 1) was 35 mg. per kg.; and 
for p-aminophcnol, G40 mg. per kg. The maximum formation of methcmoglobin 


1 
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Fig. 1. Extent of MetheuoglobiK Formation from Various Doses or 
p-Aminophenql and /J-PlIENYLHYDROXYEAMINE 
Lethal doses ore indicated 

occurred with onc-sevcnth the lethal dose of 0-phenylhydroxyI amine and with 
one-half of that of p-aminophcnol. At the smallest dose producing maximum 
formation of met hemoglobin, 5 mg. per kg. ^-phenylhydroxylamine and 320 mg. 
per kg. p-aminophcnol, the only symptom observed in the animals was some de- 
pression which quickly passed . As the doses were increased — but with no further 
increase in formation of mcthemoglobin — toxic effects appeared and became 
progressively more marked as the lethal dose was approached. In death from 
these drugs, cardiac and respiratory failure occurred nearly simultaneously; in 
asphyxiation, as from the formation of carbon monoxide hemoglobin, cardiac 
failure follows respiratoiy failure by several minutes. 

The facts (a) that a maximum formation of methcmoglobin occurs from 
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0-phenylhydroxylamine and p-aminophenol at doses of these drugs which pro- 
duce no appreciable toxic effects or evident symptoms of anoxemia and (b) that 
increase of the dose is attended with symptoms of drug intoxication and 
death but with no further formation of methemoglobin, give support to the belief 
that methemoglobin formation plays little part in the toxicity of these and kin- 
died drugs. The formation of methemoglobin may be looked upon as a secon- 
dary or side reaction, limited by a definite maximum which varies with the drug 
and the species of animal. Aside, therefore, from the imposition which large 
amounts of methemoglobin may place upon the respiratory functions of the 
blood and which were not grossly evident for the largest amounts reached in the 
experiments reported here, methemoglobin formation appears to be unrelated 
to the acute toxicity of these drugs. 

CONCLUSIONS 

The formation of methemoglobin plays no important part in the acute toxicity 
of /3-phenylhydroxylamine and p-aminophenol. Indications arc given that this 
fact applies also to aniline and acetanilide. . 
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It was first pointed out by Ehrlich (1) that one of the most important means 
of detoxifying chemotherapeutic agents, particularly the nrsphenammes, is 
by chemical reduction A numbci of organic acids might be expected to exert 
this reducing action Ascorbic acid occupies a unique position in this, connec 
tion because it is a powerful reducing agent and is norm illy found m animal 
tissues Dainow (2) and I andfisch (3) almost simultaneously lccommended 
that ascorbic acid be added to solutions of ncoaisphcnannnc in order to prevent 
changes m toxicity lesultmg fiom oxidation by the air That excosn c expo^uie 
to air results in a cousulci \blo inctease in toxicity is well known (4) and is the 
basis for the precautions tihen in picpaung such solutions (5) 

Recently Bundesen, Aion, Greencbaum, rarmci, and Abt (G) rcpoited that 
the usual dirkemng of solutions of Mapharscn (the hemtalcoholatc of 3 ammo 
4 hydroxy phcnylaismc oxide hy di ochlonde) and neoarsphen imine on exposuie 
to air does not occur if 10% of ascoibic acid is picscnt They ilso found that 
the usual skin reactions (patch test) to 30% solutions of ncoarsphenaminc 
were practically eliminated if iscoilnc acid in a concentration of from 10 to 20% 
were added to the solution being tested These authois have given a compre 
liensive review of the literatuic, and no fuithei general comment seems requited 
beyond rcfeience to moic recent woik 

Rosenthal (7) has shown that the oral toxicity of Mnpharscn is maikedly 
dccieased when it is accompanied by from 2 to 5 moles of glutathione Cv stcinc, 
on the other hand exerted no demonsti iblc piotectnc effect 
Sandground and Hamilton (8) have shown that p anunobenzoic acid exerts 
a maikcd detoxifying effect on a number of pentavalent arsentcal compounds 
This applied regaidless or the route of adnunistiation, the arsenical was never 
given by the same loute as the p nmmobcnzoic acid A quantity of 15 mgm / 
kgm of the acid w as sufficient to protect 50% of rats against LD90 of the penta 
valent arsemcals studied (9) Since p anunobenzoic icid obi lously cannot act 
as physiological icducing agent, it must act by some othei mechanism Sand 
giound (10) has suggested that the mechanism may be explained along the lines 
of the enzyme blockade theory Tins hypothesis w is based upon the fict 
thit p anunobenzoic acid conferred protection upon the animals if given at 
any time up to three hours befoie the aisenical, but its effectiveness was grcatli 
reduced if given moic than thirty minutes after the arsenical The sime paper 
also referred to a protective action of p anunobenzoic acid agunst neoarsphen 
amine 
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In most of the published work, ascorbic acid has been administered in the 
same solution as neoafsphenamine when a protective effect was desired/ How- 
ever, Martin and Johnson (11) have reported that ascorbic acid is most ef- 
fective in protecting mice against the toxic effects of ncoarsphenamine when 
it is injected about two hours before the arsenical, in order to permit complete 
diffusion in the tissues. 

The purpose of the present work has been to study further the detoxifying 
action of several organic acids, particularly ascorbic acid, on ncoarsphenamine 
with a view toward elucidating the mechanism and physiological effects. 

Experimental methods. All animals used as subjects in those experiments were albino 
rats from our own stock, weighing from SO to 120 gms. and from 35 to 50 clays of age. They 
were fasted for 16 hours previous to the injections, which were made into the saphenous 
vein in the usual manner, using 8% solutions of ncoarsphenamine prepared 15 minutes before 
injecting the first animal (5). The dosages ranged from 100 to 450 mgm./kgm. depending 
somewhat on the purpose of the experiment and the toxicity of the preparation. For (he 
toxicity studies, the animals were observed up to 6 days after the injection. 

For tissue respiration studios, the organs were removed immediately after the sacrifice 
of the animal and transferred to saline. Thin slices were then cut, blotted gently on filter 
paper, weighed and transferred to the Warburg apparatus. The respiration of the tissue 
in glucose-phosphate buffer was measured in the usual way. 

For histological examination the liver, kidney, and spleen were removed from the animals 
immediately after sacrifice. The organs were fixed in Zenker’s fluid, and, after the usual 
process of preparation, were stained with haematoxylin-eosin. 

Blood for the chemical studies was collected (and oxalated) following decapitation of 
the animals. Sufficient whole blood (2 cc.) was immediately removed for the arsenic 
analysis, after which the tube was stoppered and the plasma was separated by centrifuga- 
tion. At the time of sacrifice, the livers and kidneys of the animals were removed for 
arsenic analysis. Plasma ascorbic acid was determined by the method of Mindlin and 
Butler (12J. Arsenic determinations were made by the method of Mnechlingand Flinn (13). 

A different group of animals was used for each of the different studies mentioned above. 

Effect of various organic acids on the toxicity of ncoarsphenamine. The animals 
received a 8% solution of neoarsphenaminc in sufficient quantity to represent 
450 mgm./kgm. This dosage usually kills 75% or more of the animals of our 
colony within G days, with characteristic renal changes. The various organic 
acids were also administered at a level of 450 mgm./kgm., sufficient sodium 
carbonate being added to convert the acid to its sodium salt (the organic acid 
and the arsenical were dissolved in the same solution). Because the study 
was to include a considerable number of acids, these preliminary experiments 
were conducted with onlj' 4 animals to each group. The acids studied included: 
ascorbic, isoascorbic, d-glucoascorbic, lactic, pyruvic, succinic, malic, mandelic, 
aspartic, gluconic, 2-ketogulonic, 1 and 1-cysteine. Positive protection was 
obtained only with the three ascorbic acids and lactic acid. Evidence of pro- 
tection was based primarily on survival of the animals up to G days after the 
injections, but the observations were further fortified by autopsy of the surviving 
animals. The protected animals were practically free from gross pathological 
lesions. 

i This compound readily lactonizes in acid solution to form ascorbic acid. 
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These preliminary cxpcnments indicated tint only the most labile physio 
logical reductants arc effective detoxicants (cysteine is an exception) It then 
became of mtciest to detcimine the minimum lc\el at which they exert a definite 
protective effect Tor this purpose neoarsphenamine was administered at levels 
so chosen that about three fouiths of the conti ol animals would fail to suiuvc 
for 0 diys This lc\el depended on the toxicity of the pieparation used The 
organic icid was at first admimsteied with the neoarsphenamine in ibout an 

1 Aid 1 l 


Mortality tf all mo rats reem mg neoarsphenamine teith turn us amounts of ascorbic or tactic 
act l (as the so Inn i salt) 


ORGANIC ACID 

m'l rt 

I1CI 

mM acid per mM 
NEinSSrilEN AUINE 

Wort Aiitv 

Ac d 

Ncoir phenim ne 

N one 


0 91 

0 

5/G 

I actic 

5 00 

0 91 

5 10 

0/G 

I actio 

2 73 

0 91 

3 00 

1/0 

I actic 

1 30 

0 91 

1 50 

4/G 

Ascorbic 

1 2 73 

0 91 

3 00 

0/6 

Ascorbic 

1 30 

0 91 

1 50 

0/G 

Ascorbic 

0 OS 

0 91 

0 75 

0/G 

Ascorbic 

0 44 

0 91 

0 60 

0/0 

\scorbic 

0 22 

0 91 

0 25 

2/6 

None 


0 80* 

0 

2/6 

None 


0 97 

0 ! 

4/G 

None 


1 03 

0 

5/6 

Ascorbic 

1 03 

1 03 

1 00 j 

0/11 

Ascorbic 

1 20 

1 20 

1 00 

4/12 

Ascorbic 

1 37 

1 37 

1 00 

7/15 

Ascorbic 

1 51 

1 54 

1 00 

5/G 

Ascorbic 

1 M 

1 03 

1 50 

1/11 

Ascorbic 

1 80 

1 20 

1 50 

0/11 

Ascorbic 

2 00 

1 37 

1 50 

7/14 

Ascorbic 

2 31 

1 54 

1 50 

5/G 

Ascorbic 

3 00 

1 03 

3 00 

0/S 

tscorbic 

3 60 

1 20 

3 00 

0/11 

Ascorbic 

4 10 

1 37 

3 00 

3/14 

Ascorbic 

1 02 

1 54 

3 00 

2/6 


* A different lot of ncoirsphenaminc was used for the experiments below the line 


equal amount by weight, then the quantity of the acid was leduted stepwise 
until a level was found at which there was no longer complete piotection of 
the animils (l c , 100% sumval) The icsuUs, given in tvble 1, indicate that 
move than 3 moles of lactic acid are reqvmed to giv e complete protection against 
1 mole of neoarsphenamine, while only about ^ mole of ascorbic icid is requued 
fur the same pm pose The icsults below tlie line in the table (a diffcient lot 
of the arsenical was u^ed to obtain them) show tlmt if the amount of ascoibie 
icid is mci cased beyond this ratio, some fmtliei decrease in toxicitv is observed 
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Thus, the moitality of animals receiving 1.37 rail, of neoarsphenamine and 4.10 
mil. of ascorbic acid per kgm. is not as gieat as in animals which received the 
same dose of neoarsphenamine and either 2 06 or 1.37 mil. of ascorbic acid 
per kgm. 

In table 2 a comparison has been made of the relative effectiveness of ascorbic, 
isoascoibic, and d-glucoascoibic acids as detoxicants for neoarsphenamine. 
The procedures require no explanation since they were the same as descrtbed 
above. The arsenical was given at various levels, and the organic acid was 
given in the same amount by weight. The results indicate that the three 
acrds may be used interchangeably and that antiscorbutic activity has, therefore, 
no bearing on detoxifying power. 

The experiments thus far described throw' little light on the manner in which 
the ascorbic acids act to detoxify neoarsphenamine beyond the fact that their 

TABLE 2 


Mortality of albino rats receiving larious doses of neoarsphenamine and the same amount by 
weight of ascorbic (or isoascorbic or d glucoascorbic) acid (as the sodium salt) 


DOSE 

N EOA RS PHEV \MIN E 
ONLY 

1 SEO\RSPnEYAHI\F V ITU 

1 .. 

Ascorbic acid 

I «oa e corbie acid 

d Glucoascorbic acid 

mgm /kgm 





360 

1/10 

0/8 

0/8 


400 

1/14 

0/15 

0/15 


440 

5/13 

0/20 

0/20 

0/6* 

480 

9/13 

1/15 

1/15 


560 

10/10 

2/13 

0/13 

2/6* 

640 


3/13 

3/13 


720 


5/10 

6/10 

1 



* On this test five of six control animals receiving 450 mgm /kgm of neoarsphenamine 
failed to survive 


reducing action is the most important consideiation. The question lemains 
whether they would be as effective when admimsteied by diffeient loutes, since 
in the above experiments both the neoaisphenammo and the organic acid were 
given intra\ enously in the same solution Accordingly, the following experi- 
ment was carried out, using 6 animals to each gioup: 

Group A. 450 mgm /kgm. neoai sphenamine injected mtiavenously. One 
animal survived six days 

Group B. 450 mgm./kgm. neoarsphenamine and 100 mgm./kgm ascorbic 
acid (as the sodium salt) injected intravenously in the same solution. All 
animals survived. 

Group C. 450 mgm /kgm neoarsphenamine injected mtiavenously and 200 
mgm./kgm. ascoibic acid (as the sodium salt) intramuscularly immediately 
afterward. Three animals suivived. 

Gioup D 200 mgm./kgm. ascorbic acid (as the sodium salt) injected intra- 
muscularly followed two lion is later by 450 mgm./kgm. neoarsphenamine 
intravenously. Xo animals suivived. 
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The results indicate that ascorbic acid is maximally effective if given intra- 
venously in the same solution as the neousphenaminc Its effectiveness is 
seriously reduced if it is admimsteied simultaneously at another site (e g , 
intramuscularly) and is completely lost if administered at another site two 
hours before the neoarsphenamme Evidently foi effective detoxication the 
neoarsphenamine must be exposed to a high concentration of ascorbic acid 
The total amount of iscorbic acid available to the animal is not a determining 
factor as is cleat ly shown by the difference between groups B and C 

While these experiments were in progress Sandground (14) reported a pro 
tective effect of p aminobenzoic acid against pcntavalent pheny 1 ar&onates and 
stibonates This suggested that it would be worth while to supplement Ins 
studies by comparing the effcctiv enes& of p aminobenzoic and ascorbic acids 
as detoxicants for neoarsphenamine Three sets of 10 animals each w cre treated 
as follows 

Group A 450 mgm /hgm of neoarsphenamine injected intravenously 
Three animals survived to the 0th day 

Group B 450 mgm /hgm of neoarsphenamine injected intravenously, 
followed immediately by 132 mgm of p aminobenzoic acid (as the sodium 
salt) intramuscularly (The quantity of the acid chosen represents a molec 
ular ratio of 1 1 w ith respect to neoarsphenamine ) Sev en animals surviv ed 
to the 6th day * 

Group C 450 mgm /hgm of neoarsphenamine and 132 mgm /hgm of p 
aminobenzoic acid (as the sodium «alt) injected intrav enously in the same 
solution (piepared 15 minutes before the first injection) Fifteen animals 
surv ived to the Gth day 

There is evidently little to choose between ascorbic acid and p aminobenzoic 
acid They are about equally effective when administered at a level of 1 mole 
for each mole of neoarsphenamine, and both are most effectiv e when administered 
in the same solution as the neoarsphenamine 

Effect of ascorbic ( and isoascorbic ) acid on the excretion of arsenic Groups 
of at least 10 rats were used for each of the chemical studies They received 400 
mgm /kgm of neoarsphenamine, or of ascorbic (or isoascorbic) acid, or of both 
the arsenical compounds and one of the acids All injections were intravenous 
Two animals were killed at each of the selected time intervals and the analyses 
were earned out by methods referred to above In case a good agreement 
was not obtained in the figures from the two animals killed at the ^ame time, 

* It might be argued tl at tl e p aminobenzoic acid would have been more effective if the 
tissues were previously saturated with it However we have found that the daily oral 
a Imimstration of 50 to 250 mgm /hgm of the acid for o lays before the ntoarsphcnamine 
injection confers no protection on the animals For example in a group of animals receiv 
mg the 250 mgm /hgm dose and from 360 to 420 mgm /hgm of neoarsphenamine the mor 
tality was 8/10 while in a similar group of control animals the mortality was 5/10 Further 
more the inclusion of 0 2o or 0 50% of the acid in the diet beginning 3 days before the 
injection of neoarspl cnamine (450 mgm /hgm ) resulted in a mortahtj just as high as in 
control animals on the regular diet These ammal9 w ere not fasted for 16 hours before the 
injections as is usually done Peters (15) was unable to protect mice against Maphnrsen 
by the prior ad mmstration of p aminobenzoic acid 
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the experiments were repeated until a sufficient number of figures was available 
to indicate their statistical significance. The results are given in table 3. 

The purpose of this work was to determine whether the simultaneous injection 
of ascorbic or isoascorbic acid causes any significant change in the blood levels 

TABLE 3 

Effects of ascorbic and isoascorbic acids on the blood levels and organ contents of arsenic 
following neoarsphenamine 


Each substance administered at a level of 400 mgm./kgm. 


MEDICATION 

TIME 

AFTER 

MEDICA- 

TION 

BLOOD LEVELS (MGM. %) 

ORGAN CONTENTS AS MGM. AsiOj 

PER 100 GRAMS FRESH TISSUE 

Ascorbic or isoascorbic 
acid 

AStOi 

Liver 

Kidney 

m 

Range 

m 

Range 

Aver- 

age 

Range 

Aver- 

age 

Range 


/tours 











None 


2.0 

1.5- 3.1 (7)* 








Ascorbic acid 

30 

430 | 

33S -572 

(4) 









i 

122 

100 -144 

(2) 









1 

36 

35.2- 30.8 (2) 









6 

12 

3.4- 14.4 (4) : 







f 


24 

1.8 

1.6- 1.9 (2) 








Isoascorbic acid 

30 

430 

422 -456 

(2) 









i 

158 

133 -183 

(2) 









1 

60 

56 - 64 

(2) 









6 

6 

5-7 

(2) 









24 

1.6 

1.3- 1.8 

(2) 








Neoarsphenamine 

a’o 




60 

58 -67 

(4) 

18 

16-20 (4) 

69 

50-105 (41 


i 




30 

22 -38 

(4) 

22 

13-28 (4) 

71 

50-100 (4) 


1 




22 

20 -23 

(4) 

22 

14-27 (4) 

54 

35- 85 (4) 


6 




10 

7 -12 

(2) 

30 

30 (2) 

58 

57- 60 (2) 


24 




5 

5 

<m 

12 

9-14 (3) 

56 

56 (l)t 

Neoarsphenamine 

a\i 

415 

372 -434 

(4) 

50 

4S -53 

(2) 

19 

16-21 (4) 

66 

42-105 (4) 

and ascorbic 

j 

150 

142 -155 

(3) 

24 

19 -29 

(2) 

27 

22-30 (4) 

63 

50- 70 (4) 

acid 

1 

65 

37 -92 

(4) 

2V 

17 -23 

(3) 

22 

18-26 (4) 

44 

27- 48 (4) 


6 

55 

16 -96 

(4) 

9 

8 -10 

(2) 

32 

30-37 (4) 

47 

31- 60 (4) 


24 

15 

2-35 

(4) 

3 

3-4 

(3) 

17 

9-20 (4) 

33 

16- 56 (4) 

Neoarsphenamine 

3*0 

472 

456 -489 

(2) 

52 

46 -60 

(2) 

24 

21-27 (2) 

53 

60- 55 (2) 

and isoascorbic 

J 

203 

150 -266 

(4) 

25 

22 -27 

<4> 

31 

30-31 (2) 

40 

30- 50 (2) 

acid 

1 

104 

87 -180 

(3) 

18 

16 -20 

(3) 

31 

28-33 (2) 

110 

90-130 (2) 


6 

85 

14 -1G0 

(4) 

10 

7 -12 

(4) 

31 

22-39 (2) 

29 

25- 33 (2) 


24 

10 

1.7-43 

(4) 

0 

4.5- 7 

(5) 

24 

22-26 (2) 

37 

22- 62 (2) 


• Figures in parentheses represent number of animals in the groups, 
f Duplicate failed to survive 24 hours. 


of arsenic after neoarsphenamine. Although the number of animals used was 
not very great, it appears that there is no important difference in the blood 
levels of arsenic at various time intervals in the neoarsphenamine animals as 
compared to the levels in those animals which received ascorbic or isoascorbic 
acid as well. The analysis of liver and kidney for arsenic at the various time 
intervals also failed to show any noteworthy difference from the controls. 
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Ho\\e\er, the e\cietion of the ascorbic acids was somewhat delayed by the 
simultaneous administration of neoarsphenamme 

TABLE 4 


The effect of tarious quantities of ascorbic {and p amtno6cn»oic) acid on the toxicity of 
neoarsphenamme as evidenced by the respiration of Kidney slices 


MEDICATION ( UCU /KCU } 

DAYS Amt MEDICATION 1 

rawer xesneation 

N eoirsph enamine 

Ascorbic acid* 

(moist] TEX SOUS) 

0 

0 

j 

335§ 

400 

0 

1 

212 

400 

0 

2 

138 

400 

0 

3 

131 

400 

0 

i 

152 

400 

0 

5 

209 

0 

200 

1 

36S 

0 

200 

3 

330 

400 

100 

1 

300 

400 

100 

2 

266 

400 

100 

3 

310 

000 

150 

1 

314 

600 

150 

2 

335 

600 

150 

3 | 

300 

400 

50 

i 

274 

400 

50 

2 | 

244 

400 

50 

3 

186 

400 

50 

4 

259 

425 

200 1 

2 

185 

425 

200 1 

3 

170 

425 

125t 

2 

275 

425 

125* 

3 

340 

450 

132ft 

4 

275 

450 

132ft 

5 

302 


* All injections intravenous except where otherwise noted 
t Intramuscular injections, given immediately after the neoarsphenamme 
t p aminobcnfcoic acid 

§ Each figure represents the average of three or four tissue bIiccb from the same animal 
The standard error of the determinations was 15-20% 


Respiration of kidney slices following injections of neoarsphenamme and ascorbic 
acid Since the hidnej is the organ most affected b> neoarsphenamme TIC), 
respiration of kidnev slices from treated animals was studied The animals 
wcie injected in the usual waj and studied at daily interv als as indicated m table 
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4. The results support the general picture presented by the toxicity studies. 
Kidney respiration is definitely depressed by neoarsphenamine, particularly 
on the second to fourth days after treatment although biological variability 
cannot be ruled out as accounting for some of the differences noted at the various 
time intervals. Animals which also received ascorbic acid intravenously show 
essentially normal kidney respiration values except in the case of those which 
received only 50 mgm./kgm. Here evidently the toxic effects of the neoarsphen- 
amine were not entirely overcome. P-aminobenzoic acid also served to prevent 
depression of kidney respiration even when injected intramuscularly. This 
does not completely support the conclusions of the toxicity studies already 
outlined. 

Histological examination of tissues following injections of neoarsphenamine 
and ascorbic acid. The animals which had been prepared for these studies were 
sacrificed on the third and fourth days after injection since the data on kidney 
respiration indicated the maximum depression on these days. The animals 
received 400 mgm./kgm. of neoarsphenamine intravenously with or without 
100 mgm./kgm. of ascorbic acid as the sodium salt. 

The pathological changes in various organs of the albino rat following injec- 
tions of neoarsphenamine have been very thoroughly described by Kolmer 
and Lucke (10). Our pathological protocols follow: 

Following the intravenous administration of nearly absolutely lethal doses 
of neoarsphenamine to the rat more or less marked histopathological renal 
changes are demonstrable. These ordinarily involve from 10 to 80% of the 
tubules. A typical section is shown in the accompanying photomicrograph, 
Plate 1A. In this section about 80% of the convoluted tubules show necrosis 
of the epithelial cells. The cellular nuclei are absent and the tubules appear 
as a non-homogenous mass of acidophilic material. The epithelium of the non- 
necrotic convoluted tubules presents various stages of degeneration. Certain 
tubules show beginning necrotic changes and others in the field contain leucocytes 
and detritus. Hemoglobin casts are present in many tubules together with 
intact erythrocytes. The interstitial tissue of the cortex is the site of poly- 
morphonuclear leucocytic infiltration. Less severely affected kidneys show 
more or less numerous mitoses of tubular epithelial cells with limited swelling 
and vacuolation of the glomerular tufts. 

The liver and spleen of these animals show few or no characteristic deviations 
from normal. 

In the series of animals which received the same dosages of neoarsphenamine, 
but also received 100 mgm./kgm. of ascorbic acid no gross pathological changes 
were usually demonstrable. The histopathological preparations of the tissues 
of these animals were carefully studied. In only one of six animals were morbid 
changes found comparable to those described above (see Plate IB). The 
epithelium of many convoluted tubules in the deeper portions of the cortex 
is the site of albuminous (parenchymatous) degeneration. No necrotic changes 
are demonstrable and mitoses are absent. A typical section from an ascorbic 
acid animal, free of pathology, is shown in Plate 1C. 
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another animat. No morbid changes 
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As would be expected, there was no demonstrable histopathology in the liver 
or spleens of these animals. 

Discussion. On the basis of the incidence of survival, ascorbic acid is 
capable of largely detoxifying neoarsphenamine administered intravenously 
as described in the N.I.H. regulations. Dosages of the arsenical which represent 
LD90 will kill only about 10% of the animals providing the neoarsphenamine 
is injected together with an equal weight of ascorbic acid as its sodium salt. 
However, the amount of the acid actually needed to exert this protective effect 
lies between one-eighth and one-fourth of the weight of the arsenical, or about 
0.5 mole of ascorbic acid for 1 mole of neoarsphenamine. Still larger doses of 
neoarsphenamine may be detoxicated if the amount of ascorbic acid is increased 
beyond tills. At a level of 3 moles ascorbic acid to 1 mole of neoarsphenamine, 
the dose of neoarsphenamine may be increased to 700 mgm./kgm. with no 
greater toxicity than that observed in the controls receiving 400 mgm./kgm. 
of neoarsphenamine. If the ascorbic acid is injected simultaneously at another 
site (e.g., intramuscularly), its detoxifying action is somewhat decreased but not 
entirely eliminated. If injected intramuscularly two hours before the neoar- 
sphenamine, its protective action is lost. When isoascorbic or d-glucoascorbic 
acid is injected along with the arsenical either exerts the same protective effect 
as ascorbic acid itself. The action therefore, is not associated with vitamin 
activity and appears to be entirely a matter of the prevention of oxidation. This 
oxidation may occur partly due to oxygen dissolved in the solvent, but the 
evidence indicates that the ascorbic acid acts largely within the organism by 
the prevention of further oxidation, and possibly by the reversal of such slight 
oxidation as has already occurred. It is generally believed that neoarsphena- 
mine is oxidized in the organism as follows: neoarsphenamine — * arsine oxide — > 
arsonic acid — > inorganic oxide. The ascorbic acid may act by retarding the 
conversion of neoarsphenamine to arsine oxide or colloidal forms (17). We 
do not confirm Martin and Johnson in their finding that ascorbic acid is an 
effective detoxicant if given two hours before the arsenical. 3 

Of the other organic acids tested, only lactic and p-aminobenzoic acids appear 
to exert any protective effect. In the case of the former 3 moles are required 
to produce a protective effect equal to that of 0.5 mole of ascorbic acid. In 
the case of the latter, one mole suffices to protect against one mole of the arseni- 
cal, if the}’ are injected intravenously in the same solution. The protective 
effect is somewhat diminished if different sites of injection are used. 

Studies of the respiration of kidney slices from animals which have received 
injections of toxic dosages (400 mgm./kgm.) of neoarsphenamine reveal a 
marked diminution in oxygen consumption, particularly on the second to fourth 
days after injection. If a sufficient amount of ascorbic acid (100 mgm./kgm.) 
or p-aminobenzoic acid (125 mgm./kgm.) is given along with the neoarspliena- 

3 In a stud}’ of time relationships, similar to that carried out by Sandground, we have 
found that the effectiveness of ascorbic acid is considerably impaired if it is injected 
(intravenously) more than 10 minutes before or more than 10 minutes after the neoars- 
phenamine. 



DEIOMCVTIOX OF NEOXRSrHLN AMINE 


91 


mine, either no depression of kidney respiration is noted, or the depression is 
considciably less 

The injection of to\ic dosages of neoirbphenamme results in characteristic 
renal lesions, but thcie is little definite pathologv in h\er or spleen If the 
neoarsphenamine is injected along with a suitable quantity of ascorbic acid, 
no pathological changes are demonstrable b\ histological examination of the 
oigans studied 

Ihe simultaneous injection of neoarsplienaminc and ascorbic (or isoascorbic) 
acid results in no significant change m the excretion of arsenic, as compared 
to control animals injected \\ ith the arsenical only , nor is there any significant 
difference in the arsenic content of liver or kidney at various time intervals 
after the injection However, in the presence of neoarsphenaramc the excretion 
rates of ascorbic and isoascorbic acids are decreased since rather large amounts 
of these acids are still in the blood stream after 24 hours In contiol animals 
receiving only ascorbic (or isoascorbic) acid normal blood levels have been 
reestablished m 24 hours m spite of the extremely high initial v alues 

Iheie is little to choose between ascorbic and p ammobenzoic acids as de 
toxicants for neoarsphenanfine They are about equally effective in reducing 
the toxicity of the arsenical and both arc m themselves practically non toxic 
(18, 19) 

If the detoxication of ncoarsphenamine by means of organic acids is to be of 
value, it is necessary that the chemotherapeutic effects of the former should 
not be appreciably altered by the detoxicants Sandgiound and Hamilton (8) 
hav e shown that the try panocidal action of Carbarsone and arsamhc acid is not 
inhibited by p ammobenzoic acid Data available in this laboratory indicate 
that the trypanocidal action of Glyvarsenyl (3 ,4' dmcetylamino 4 hydroxy 
ai^cnobenzcne 2 glycolic acid) is not inhibited by the presence of 0 5 or 1% 
of ascorbic or isoascoibic acid in the solution noi is the trypanocidal action 
of ncoarsphenamine inhibited by the simultaneous injection of ascorbic oi 
i oascorbic acid at a level of 3 moles foi each mole of neoarsphenamine Fur 
thermore our experimental studies on rabbits infected with Treponema pallidum 
(Nichols strain) have shown that the inclusion of ascoibic oi isoascorbic acids 
in Glyvarsenyl does not altei its therapeutic effectiveness 

The authors aie gieatly indebted to the following persons for considerable 
technical assistance with these experiments Hugo Ixocher Donald Seppehn, 
Erich Danziger, and Mary Fazehas 


sum Marx 

The toxicity .of neoarsphenamine for albino rats is materially reduced by 
ascorbic, isoascorbic, d glucoascorbic, and p ammobenzoic acids The most 
favorable effect is obtained if the arsenical and piotcctive agent are injected in 
tiavcnously in the same solution, but the acids are somewhat effectiv e if injected 
simultaneously at another ^lte The function of the ascoibic acids appears to 
be primarily that of pieventing oxidation, chiefly aftei injection The mechan 
ism by which p ammobenzoic acid reduce^ toxicity is obv tously different and 
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has been discussed elsewhere (10). There is evidence that the therapeutic 
efficiency of some typical arsenicals is not altered by the detoxicants. 
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Although arsemcals hat e proved effective in the treatment of a wide variety 
of spirochetal and protozoal diseases, the fundamental mechanism of their 
parasiticidal action, or of their to\ic effect on the host, is not wholly clear In 
a classic discussion, Ehrlich (1) presented the thesis that “ corpora non agunt nisi 
fixata”, that chemotherapeutic agents m general can exert their therapeutic 
effect only if bound by the parasite, and that their toxic action is due to a similar 
combination with vital tissues of the host More specifically, evidence has 
been presented by Voegthn, Dy er and Leonard (2) and by Rosenthal (3) that 
organic arsemcals owe their activity to their combination with physiologically 
essential sulfhydryl gioups m the host tissues or in the parasite 

It is a possible corollary both of Ehrlich’s general thesis and of the sulfhydryl 
theory, that arsemcals may be acti\e only to the degree that they aie bound, 
and that the enormous differences in the toxicity of arsenic compounds may be 
due merely to their varying affinity for the body tissues Suggestive evidence 
m this direction has been presented by Thuret (4) Tru alent pheny 1 arsenoxides 
are known to be many times more toxic than the corresponding pentavalent 
aisonic acids, and Thuret found that the tnvalent compounds were bound 
by a suspension of red blood cells in vitro, while the pentavalent compounds 
were not 

The present paper offers further evidence that the toxicity of arsenic com- 
pounds is quantitatively a function of their affinity for tissue A large series 
of phenyl arsenoxides (5), arsphenammes and arsomc acids of widely varying 
toxicity has been studied with respect to binding by red blood cells in vitro In 
a smaller senes of compounds, the degree of binding by red blood cells and by 
tissues after intravenous injection, and the rate of excretion, have also been 
studied In general, the toxicity of the compounds has been so closely correlated 
with the degree to which they are bound by the tissues, and thus with the rate 
of excretion, as to make a causal relationship highly probable Moreov er, the 
binding of phenyl arsenoxides by red blood cells in v itro has prov cd to be a model 
for their combination with tissues m vivo, and has so closely' paralleled their 
systemic toxicity as to provide a reliable measure of that factor The degree 
to which these generalizations must be modified by the m v iv o conversion of 
some arsemcals to other more toxic, compounds is discussed in the text 
The present findings are thus m complete accord vv ith the concepts of parasito 
tropism and organotropism postulated by Ehrlich (1) The varying toxicity 
1 With the technical assistance of Emily B Watson 
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of arsenicals is a function of their organotropism, i.e., affinity for tissues; and 
there is reason to believe that in this same series of compounds, the therapeutic 
activity is similarly a function of parasitotropism, i.e., the amount of arsenic 
bound by the pathogen. Under such circumstances, the chemotherapeutic 
index of an arsenical (the ratio between the maximum tolerated dose and the 
minimum curative dose) may be simply an expression of the relative affinity 
of that compound, or of an in vivo derivative, for the tissues of the host and 
for the invading organism. 

Methods and materials. The binding of arsenic compounds by red blood cells in vitro. 
As a result of preliminary tests with respect to the effect of the concentration of red blood 
cells and of arsenic on the rate and degree of arsenic combination, the following standard- 
ized technic was used in the in vitro experiments described in the present paper. 

Red blood cells were obtained immediately before each experiment by bleeding two or 
more normal rabbits into potassium oxalate (approximately 2 to 5 mg. of dry oxalate, or 
0.1 cc. of a 5 per cent solution, per cc. blood). The oxalated blood was then diluted with 
seven volumes of normal oxalated plasma. No attempt was made to correct for the minor 
variations in the hematocrit readings of individual rabbits. Two cc. of arsenical solution 
containing a total of 200 micrograms of arsenic were added to 20 cc. of the blood dilution, 
giving a final arsenic concentration of 9.09 micrograms of arsenic per cc. Five cc. aliquots 
were centrifuged (in duplicate) after 10 and 120 minutes. In the interim the mixture had 
been inverted at frequent intervals to prevent settling out of cells. The plasma was re- 
moved immediately following centrifugation and the arsenic content of both cells and super- 
natant plasma determined. 

In vivo studies. Rabbits were injected intravenously with 0.0033 millimols (0.25 mg. 
arsenic) of the various arsenic compounds per kg. body weight. This relatively small 
dosage was selected in order to study the distribution of the arsenicals in vivo under 
physiological conditions, and not in tissue so altered by the toxic effects of the drug as 
to result ultimately in the death of the animal. With most compounds these small doses 
did not cause the temporary suspension of urine and stool excretion sometimes observed 
after sublethal doses of toxic arsenicals. Moreover, the dose selected is approximately 
the dosage of mapharsen used in clinical practice, and is below the lethal dose of the 
highly toxic parent compound, the unsubstituted phenylarsenoxide. The arsenic solu- 
tions used were carefully adjusted to pH 6.8-7. 2 before injection. The arsenic concen- 
trations in whole blood, red blood cells, and plasma were determined at intervals after 
injection, as well as the amounts excreted in the urine and stool. At varying periods 
the animals were sacrificed and the arsenic content of the tissues determined. 

For the blood arsenic levels, the rabbits were bled from the heart into dry oxalate at 
varying intervals after the injection of the drug. Aliquots were centrifuged immediately 
(within 1-2 minutes), the plasma removed, and the arsenic concentration in the whole 
blood, red blood cells and plasma determined. 

Arsenic analysis. The method of arsenic analysis used was essentially that described 
by Chaney and Magnuson (G) with the following minor modifications. Reagents: The 
reducing mixture contained 8 per cent KI3r instead of 4 per cent as specified by Chaney and 
Magnuson, because better recovery of known samples was obtained at the higher concen- 
tration. The concentration of the hydrazine solution used to develop color was increased 
from 0.15 per cent to 0.3 per cent. A zero blank (against distilled HsO) could then be 
regularly obtained. 

Procedure. All tissues, urine and stool specimens were digested and distilled twice to 
minimize contamination with phosphorus. In concentrating the fir6t distillate by boiling, 
preparatory to re-distillation, it was found necessary to add about 3 cc. nitric acid before 
the sulfuric acid in order to avoid significant losses of arsenic. 
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The effect of the concentration of arsenic and of red hhod cells on the amount 
of arsenic bound by red blood cells in vitro The effect of the concentration of 
arsenical on the amount of arsenic bound by red blood cells is illustrated in 
figure 1, in which 3 NHj-4-OH phenyl arsenoxide was the test compound Al- 
though the percentage of arsenic bound by red blood cells decreased at the 
higher concentrations, the absolute amount bound increased continuously up 
to the highest concentration studied, at which there an ere 1470 micrograms of 
arsenic per cc red blood cells Even at this high le\el, at A\hich damage to the 
red blood cells was evidenced by moderate hemoly sis, the curve offers no evidence 
that the red blood cells an ere saturated Avith respect to the arsenoxide 



M erofrims of Arwfte p«r <c Mole Blood 

Fia 1 The Effect of thf Concentration of 3 NHi 4 OH Phenyl Arsenoxide on the 
Amount of Arsenic Bound by Red Blood Cells in Vitro 


The rate at which arsenic an as bound by the red blood cells is illustrated in 
table 1 and figure 2 Under the conditions of the experiment, pheny larsenoxide 
Nvas bound rapidly and almost completely (86 7 per cent in 5 minutes) while 
its relatively non toxic 3 NHj 4 OH derivative w as only gradually bound 
As is apparent from figure 2, differences m the rate of combination of the 
various arsemcals NNith red blood cells which were apparent on short exposure 
(10 minutes), might no longer be apparent after the reaction had been allowed 
to continue for Invo hours Thus, in five minutes the red blood cells in whole 
blood had bound 3 5 times as much of the phenyl arsenoxide as of the 3 Is Hj-4 
OH derivative, but after tw o hours there was no significant difference 
The effect of the concentration of red blood cells on the late of arsenic binding 
is summarized m figure 3 As there show n, differences in affinity for the arsem 
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TABLE 1 

The rate of combination of arsenical by red blood cells 


To whole blood containing 36 per cent red blood cells was added 1/10 volume of arsenical' 
solution containing 100 micrograms of arsenic per cc., giving a final concentration of 9.1 
micrograms of arsenic per cc., and 33 per cent red blood cells, in the reacting mixture. 


COMPOUND USED 

ARSENIC CONCENTRATION (UICKOGRAMS/CC.) AFTER 

REMARKS 


S' 

15' 

30' 

60' 

240' 

CcHsAsO 







Plasma '. 

0.57 

0.55 

0.5 

0.38 

0.5 

Rapid combination 

Red blood cells 

23.9 

23.9 

23.9 

23.9 

25.6 

of the toxic com- 

Per cent of total arsenic in 
red blood cells* 

86.7 

86.7 

86.7 

S6.7 

93.0 

pound by red. 
blood colls 

3-NH 2 -4-OH-C 5 HjAsO (Mo- 







lar toxicity 7.9 per cent 







that of the above unsub- 
stituted compound) 







Plasma 

14 

10.2 

7.2 

4.3 

0.1 

Non-toxic compound 

Red blood cells 

6.83 

12 

15.5 

20.3 

25.1 

bound by red. 

Per cent of total arsenic in 
red blood cells 

24.6 

43.5 

56.3 

73.7 

91.3 

blood cells only 
slowly 


* 0.33 X As content of red blood cells 

Xioo 



ErG. 2. The Rate of Combination of Phenyl Ahsenoxides by* Red Blood Cells 
To whole blood containing 36 per cent red blood cells was added T V volume of arsenical 
solution containing 100 micrograms of arsenic per cc., giving a final concentration of 9.1 
micrograms of arsenic per cc., and 33 per cent red blood cells, in the reacting mixture. 
In this and all following figures, the symbol <£ is used for the phenyl ring. 
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cals were accentuated by decreasing the concentration of red blood cells used. 
In that experiment, a 1:8 dilution of blood bound five times as much phenyl 
arsenoxide as it did of the 3-NH*-i-OK derivative; but the ratio was only 1 02 
when whole blood was used. 



0 12.5 25 50 100 


Percentage Concentration of Red Blood Cells 
Referred to Whole Blood as 100 

Fig 3 Tub Effect of the Concentration of Rfd Blood Cells on the Amount of 
Arsenic Bound 


In order to make manifest differences m the affinity of red blood cells for the 
larious arsenic compounds, it was therefore necessary to minimize the concen- 
tration of the arsenical and of the red blood cells, and to minimize also the time 
for which the red blood cells were exposed to the arsenic solution Accordingly, 
in the following experiments, whole blood was diluted 1:8 with normal plasma 
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prior to use, one volume of a solution containing 100 micrograms of arsenic- 
per cc. was added to 10 volumes of tlie cell suspension, and the amounts of arse- 
nic bound by the cells were determined after both 10 and 120 minutes. 


The varying affinity of red blood cells for arsenoxidcs, arsphcnamines and arsonic 
acids in vitro. With this standardized technic, the results shown in table 2 were 
obtained. As tabulated in the first section of that table, and graphically sum- 
marized in figure 4, the amounts of the various phenyl arsenoxides (acid-substi- 
tuted compounds excepted) bound by red blood cells in vitro, whether in 10- 
minutes or 120 minutes, and the ratio of the arsenic concentrations in the cells 
and in the plasma, agreed to a striking degree with their systemic toxicity 
in white mice. In this series of compounds, the amount of an arsenoxide bound 
by the cells in vitro was a reliable index of its systemic toxicity. This strongly 
suggests that a suspension of red blood cells is a valid model for the body tissues, 
and that the toxicity of phenyl arsenoxides is primarily a function of the degree 
to which they are bound by tissues. 

Three other groups of compounds are listed in table 2, which are not included 
in figure 4. The first is a series of arsphcnamines. Some of these are known 
to oxidize in solution to a considerable degree, and there is good reason to believe 
that their treponemicidal activity and toxicity rest on a similar oxidation in vivo 
(7, 8, 9) . Although the amount of arsenic bound by red blood cells from arsphen- 
amine solutions in vitro roughly paralleled their toxicity in vivo, both values 
probably reflect the degree to which the compounds had been oxidized to the 
corresponding arsenoxides. Accordingly, - not much significance is to be at- 
tached to the data with respect to the binding of these compounds by red blood 
cells in vitro. 

Thuret’s observation that arsonic acids are bound only to a slight degree by 
red blood cells in vitro has been amply confirmed (third section of table 2). 
The minimal degree of arsenic binding is paralleled by the relative non-toxicity 
of these compounds in vivo. This correlation is, however, true only in a general 
sense. For individual compounds there was not the quantitative correlation 
between these two factors noted in the case of the phenyl arsenoxides. As 
shown in table 2, all the arsonic acids were bound by red blood cells to approxi- 
mately the same, and slight, degree; but the systemic toxicity of these compounds 
varied between wide limits. Ehrlich (10) and Roehl (14) suggested That penta- 
valent arsenicals are reduced in vivo to the corresponding and far more toxic 
trivalent arsenoxide. Voegtlin, Dyer and Leonard (2), Voegtlin, Smith and 
Crane (8), Lourie, Murgatroyd and Yorke (10a), and Thuret (11), with a 
varying experimental approach, have come to the same conclusion. Under 
these circumstances, one would not anticipate a correlation between the binding 
of arsonic acids by red blood cells in vitro, and their systemic toxicity. 

The third group of compounds in table 2 not represented in figure 4 is a series 
of acid-substituted phenyl arsenoxides. These were regularly far more toxic than 
would have been anticipated from the minimal degree to which they were 
bound by red blood cells in vitro. There is reason to believe that this dis- 
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TABLE 2 

The correlation bclicecn the systemic toxicity of arsenic compounds and their affinity for red 
blood cells »n uiro 

To whole blood diluted with 7 volumes of normal plasma (1 8) was added iV volume of 
arsenical solution containing 100 micrograms As/ce giving a final concentration of 0 1 
micrograms As/cc Aliquot portions were centrifuged after 10 and 120 minutes at room 
temperature, and the arsenic content of the red blood cells determined 
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4 NH, 
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4 N(CH,), 
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senoxide 


Arsphena Ncoars phenamine 

mines Sulpharsphcnamine 

Arsphenamine 
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4 NHCH,CONH, 
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3 COOII 

Arsonic acids 3 Nil, 4 OH 

4 N(CH,), 
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sonic acid 

Acid sub 4 (CHi), COOII 
stituted 4 CH=CHCOOH 
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crepancy is due to the fact that acid-substituted phenylarsenoxides are rapidly 
converted in the body to compounds with a greater affinity for tissue, and which 
are correspondingly more toxic. Two distinct lines of evidence point to that 
conclusion. 

The first is the rate of excretion of acid-substituted arsenoxides after their 
intravenous injection. As will be discussed in greater detail in a following 
section, there is a high inverse correlation between the toxicity of phenyl ar- 
senoxides, and the rate at which they are excreted, i.e., the less toxic the com- 
pound, the faster it is excreted. Thus, the 3-NH.-4-OH compound (mapharsen), 
one of the least toxic of the arsenoxides tested, was excreted fairly rapidly, 
approximately 15 per cent appearing in the urine in 4 hours and 55 to 85 per cent 
appearing in the urine and stool within 48 hours after the intravenous injection 
of doses (0.86 mg./kg.) approximating those used in man. On this basis, the 
more toxic 3-NH 2 -4-COOH, 4-COOH, 4-CH 2 COOH, or 4-(CH 2 ) 3 COOH com- 
pound should have been excreted more slowly than mapharsen. Instead, all 
four of these acid-substituted arsenoxides were at first excreted rapidly, as much 
as 40 per cent appearing in the urine within 1 hour. However, after that initial 
extremely rapid excretion, relatively small amounts were eliminated during 
the following 4 days. By that time, mapharsen had been excreted almost 
quantitatively (cf. fig. 5). A logical explanation is that these acid-substituted 
arsenoxides are converted in vivo to other compounds which are excreted only 
slowly, and which are presumably also more toxic than the original compound. 
On this basis, the initial rapid excretion is that of the unchanged acid compound, 
with a known low affinity for red blood cells in vitro, a low' affinity for body 
tissues in vivo, and with a correspondingly low toxicity. When the acid phenyl 
arsenoxide is presumably converted to this as yet unidentified and toxic de- 
rivative, its excretion is abruptly curtailed. 

The second point which supports the thesis that acid-substituted arsenoxides 
are converted in vivo to other, more toxic, derivatives, is the rate at which mice 
die after their parenteral administration. After intraperitoneal injection at the 
LDso level, the toxic effects of most phenyl arsenoxides were acute, more than 
GO per cent of the total observed deaths occurring in the first 24 hours. With 
similar doses of acid-substituted compounds, death was characteristically and 
regularly delayed, with the peak mortality only 48 hours after injection, and 
with a considerable proportion of the animals dying 72 and 96 hours after 
injection (cf. fig. 6). 

The initially rapid excretion of acid-substituted arsenoxides in rabbits, the 
sudden decline in the rate of that excretion after the first few hours, and their 
delayed toxicity in mice, strongly suggest that, as indicated by the minute 
amounts bound by red blood cells in vitro, these acid-substituted compounds 
are relatively non-toxic as such, and that their unexpectedly high toxicity in 
vivo is due to their conversion to other compounds. 

To recapitulate, in the case of arsphenamines, arsonic acids, and acid-substi- 
tuted phenyl arsenoxides, their known or probable conversion in vivo to more 
toxic compounds largely vitiates the significance of their affinity for red blood 
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cells in vitro as a measure of systemic toxicity Tor the other arsenoxides 
listed m the first section of table 2, and presumably for any arsenical which is 
not converted to more toxic compounds m mvo, the amount bound by red 



Molar Toxicity Referred To That of Phenylars ne Oxide as 100 

Fig 4 The Correlation between the Systemic Toxicm op Phenyl Arsenoxides 
and Their Affinity tor Red Blood Cells in \itro (Based on Data of Table 2) 
One cc of the various arsenical solutions each containing 100 micrograms of arsenic, 
was added in duplicate to 10 cc of a 1 8 dilution of rabbit blood in normal rabbit plasma 
(final concentration = 91 micrograms of arsenic per cc ) After standing for 10 minutes 
and for 120 minutes at room temperature duplicate 5 cc portions of each tube were centn 
fuged and the arsenic content of the cells and plasma determined The volume of sedi- 
mented red blood cells in each such 5 cc portion aaeraged 0 2 cc 

blood cells is apparently a reliable crrterion of lelativ e toxicity Sodium ar^emte 
and sodium arsenate are cases in point Their relative molar toxicities m mice 
were 8 1 and 3 1 respectively (referred to that of pheny larsenoxide as 100, LDso 





Hours After Injection 

Fig. 5. Tiie Rate of Arsenic Excretion in Urine and Stooi. Following the Intra- 
venous Injection op Acid-Substituted Phenyl Arsenoxidks (Solid Lines), 
Compared with That ofMapharsen (x- — x) and Phenyl Arsenoxide (□-—□). 
Rabbits were injected with equimolar amounts (0.0033 millimols per kg.) of the various 
arscnic.ilfl in neutral solution. Urine was obtained by catheterization at intervals there- 
after. The points indicated in the figure represent the cumulative total arsenic excretion 
in the urine and stool, and in the case of all the 1 and -1-1) our analyses represent urine excre- 
tion only. 

x— -x, 3-NHj-4-OH-; O O, 4-COOH-; • •, 4-CH,C00H-; A A, 

4-(CH-)jCOOH-; D — □, Unsubstituted phenyl arsenoxide. 



dumber of Days After Injection of Compound 

Fig. 6. The Rate of Death of Mice Injected Intraperitoneally with SO to 120 Per 
Cent of tiie LDi 0 Amounts of Various Phenyl Arsenoxides 

• - — *, composite of 9 acid-substituted compounds (150 dead; 159 survived). O O. 

composite of 7 amide-substituted and 10 miscellaneous phenyl arsenoxides (258 dead: 
244 survived). 
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values 19 and 114 mg /kg, respectively ) Goircsponding to that threefold 
difference m molar toxicity, there was a ten fold difference in the amount of 
arsenic bound by red blood cells m \itro (bottom of table 2) 

These data indicate that the binding of arsenic by red blood cells in vitro may 
be a model for their binding by tissues in \ iv o, and that, in general, the w idely 
varying systemic toxicity of arsenicals may reflect only the varying degree to 
which they , or their in vivo derivatives, are bound by tissues 


The arsenic content of the red blood cells and plasma at varying intervals after 
the intravenous injection of arsenicals, in relation to toxicity Tables 3 and 4 show 

TABLE 3 


Concentration of arsenic in red blood cells and plasma at tarying tnten als after the tntraienous 
tnjechon of arsenicals ( 0 0033 millimols/kg = 0 25 mg As/kg ) 




AS IV HOLE BLOOD 

AS IV BED BLOOD CELLS 

AS IN PLASMA 

COMPOUND 

BABBIT 

(y/CC ) ATTEB 

(Y/CC ) ATTEB 

(Y/CC ) AYTEB 



1 ± 

10 

30 

1± 

10 

30 

,d = 1 

10 

30 

C«HiAsO (Unsubsti 

6172 

4 5 

1 9 

0 s 

16 S 

6 7 

1 8 

SB 

0 05 

rm 

tuted phenyl arsen 

7649 



0 G 



1 8 



0 12 

oxide) 

7592 

1 3 1 

1 5 


9 8 

G 4 


0 3 

0 17 



8290 

3 5 



9 57 






3 NHr4CtH«OH 

6029 

3 2 



7 7 



0 6 j 



CjHiAsO 

670G 

3 4 


gra 

7 2 


2 4 

0 4 ! 


ua 


1 

0 7 






0 95 




6146 

1 2 


0 5 

0 86 


0 49 

1 27 


0 53 

3 -IsH, 4 OH 

6299 

1 o | 


0 15 




1 42 | 


0 18 

CgH VsO, 

745S 

1 37 



1 54± 



l 29 



7644 



0 13 



0 28 



0 OC 


856S 

0 87 (?) 



1 23 



1 16 




6291 


0 55 


! 

0 42 



0 25 


Try parsamide (4 


1 2 


0 35 

0 OS 


0 06 

2 37 


0 47 

MICHjCONH, 

75SS 

1 48 


0 53 

1 


0 OS 

2 2 1 


0 74 


8577 

1 67 






2 0+ 




the concentration of arsenic in the whole blood, red blood cells and plasma at 
varying intei vals after the intravenous injection in equimolar amounts, of four 
arsenicals of vndelv varying toxicity With all four of these compounds, only 
minute concentiations of arsenic (0 1-0 2 microgiams per cc) remained in the 
blood ifter 2 houis If 7 per cent of the total body weight is taken as the 
approximate blood volume this icprcsents less than G per cent of the arsenic 
originaliv injected There was, houcvci, a marked difference in the rate at 
which the various compounds disappeared from the blood, and m their distnbu 
tion between red blood cells and plasma In the ca^e of the most toxic com 
pound the unsubstituted phenvl nraenoxide, essentially all of the injected 
ai^emcal was still in the blood stieam f to l l minutes after injection and more 
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than 99 per cent was in the red blood cells. ‘ In that same time interval, however, 
more than half of the relatively non-toxic tryparsamide had left the blood stream, 
and of the remainder, more than 95 per cent was in the plasma. 

Comparing the four compounds tested, with relative molar toxicities of 100, 
44, 7 .9 and 0.09, the percentage of the circulating blood arsenic in the red blood 
cells approximately 1 minute after injection was > 95, 75-95, 25-75 and 5 re- 


TABLE 4 

The partition of arsenic between red blood cells and plasma, considered in relation to the toxicity 
of the compound {calculated from experimental data of table S) 


COMPOUND 

RABBIT 

NUMBER 

AVERAGE % OP IN- 
JECTED ARSENIC 
REMAINING IN CIRCU- 
LATING BLOOD AFTER 

! 

AVERAGE % 
OP TOTAL 
BLOOD 
ARSENIC | 
IN RED j 
BLOOD 
CELLS* 1 

RATIO OF RSC AstPLAS 

After 

;ma As 

Average 

value 

RELATIVE 

MOLAR 

TOXICITY 

OP 

COMPOUNDf 

l'± 

■a 

30' 

l’± 

10' 

30' 

CeHsAsO (Unsub- 

6172 

>95 

m 

22 


100 

125 

78 



stituted phenyl 

7549 



16 




15 



arsenoxide) 

7592 

80 

42 


95-99 

30 

40 


65± 

100 


8290 

>95 









3 - NHj-4-CjH t OH - 

6629 

88 




17 



15 


CjIljAsO 

6706 

>95 


25 


18 


14 


3 - NHs-4-OH - 

1 

20 









C«HjAsO 

6146 

34 


14 


MfSm 


0.9 




6299 

28 


4 








7458 

25 



25-75 




1.5 

7.9 


1 7544 



4 


1.2 






8568 

24 










6291 


15 




1.7 




Tryparsamide (4- 

Y 

34 


10 




0.13 



NHCHjCONHi - 

7588 

42 


15 




iwil 



C,H,AsO,H,) 

8577 

44 










* Red blood cell As concentration X percentage by volume of red blood cells in blood 
As concentration in whole blood 
no significant differences noted between 1', 10' and 30' intervals. 

f On intraperitoneal injection into white mice, referred to that of phenyl arsenoxide as 
100 . 

, , . arsenic concentration in red blood cells 

spectively, and the ratios of : 7 — : — . : averaged Go, 

arsenic concentration in plasma 

15, 1.5 and 0.09, respectively. 

The course of events in the circulating blood after the intravenous injection 
of phenyl arsenoxides is therefore consistent with previous observations with 
respect to their binding by red blood cells in vitro. The more toxic the com- 
pound, the larger was the proportion of the circulating arsenic in the red blood 
cells. Probably in consequence of that fact, the toxic compounds left the 
blood stream at a somewhat slower rate than the non-toxic compounds; but 
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in the ca^e of all the compounds tested, relatn elj small amounts remained 
in the circulating blood after t\\ o hours 


The correlation betuccn the systemic toxicity of arse meals and the degree to which 
they arc bound by tissues tn mo In the preceding sections, it has been shown 
that there is a high degree of cort elation between the toxicity of plienjl arson 

TABLE 5 


T) e correlation between the toxicity of various a rsemcals, and the arsenic concentration tn the 
liter and kidney 48 hours after their injection tn equimolar amounts ( 0 003S 
milltmols/kg => 0 25 mg As/kg) 


compound 

UUtUE 

toxicity 

SfPEHED 

TO THAT or 
PRES VIA* 

1 SENOTIDC 
as W 

KABBIT 

M.W8E* 

AUSESIC COSTENT 48 HOOKS AITE* INJECTION OT 

Liver | 

Kidney 


Micro- I 

Tout «r 1 

Micro- 

srimTfWa 

gm 

Phenyl arsenoxidea 







Unsubstituted pbcnjl ar 







senoxide 

300 

G274 

6S 

90 , 

31 

50 



8521 

202 

260 

21 5 

150 

4 N (CHj)t 

87 

S794 

80 

95 

8 9 

41 



S79S 

111 

123 

11 5 

65 

4 MI, 

56 

6819 

51 

50 

5± 

25 



9077 

9 7 

10 

4 1 

40 

3 MICOMI 4 

37 

7162 ! 

47 

44 

10 

50 



9204 

6 7 

9 

4 5 

30 

4 MICOCH, 

21 

91S1 1 

12 9 

8 

3 5 

18 



9332 

9 t 

8 

2 7 

17 

4 GH«MI« 

13 

8150 1 

4 4 

9 5 

8 5 

53 



8184 

7 5 

9 

7 7 

: 39 

3\H, 4 011 

7 9 

N B 

2 4 


1 6 

7 ± 



5971 

2± 

1 7 

0 6± 

3 



0154 

1 4 

2 0 

3 1 

17 

Ars>omc acid 







Trjparsannde 

0 09 

64GG 

2± 

3 

1 G± 

8 



6S21 . 


2 

3 

5 


* Based on mtrapentoncal injection into w lute mice, cssentiallj similar relative to\tcitj 
observed in rabbits in the five compounds tested 


oxides and then affinity foi red blood cells, whether in the test tube or in the 
nrculiting blood Highlv toxic compounds weic found to be lapidlj and 
almost complete! \ bound bj the cells, while relativelv non toxic compounds 
temamed free in the plasma As shown in table 5, these findings were duplicated 
in the h\ ei and hidnev After leav mg the blood stream, the several compounds 
were bound bv the^e oigans to van mg degiecs, but again in pioportion to 
their toxicitv Thus 48 hours aftet the injection of vinous ancnicals m eqtu 
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molar amounts, the arsenic concentration in the liver was 50 to 100 times greater 
in the case of the unsubstituted phenyl arsenoxide than with the relatively 
non-toxic 3-NH«-4-OH derivative, or the pentavalent compound tryparsamide ; 
and, with the expected individual variations between animals, compounds of 
intermediate toxicity resulted in a correspondingly intermediate tissue arsenic 
level. It is particularly to be emphasized that these differences are probably 
not referable to a toxic effect of the compounds. With the exception of the 
unsubstituted phenyl arsenoxide, the amounts injected were well below the 
maximal tolerated dose, and did not cause even a temporary suspension of 
urine and stool excretion. It follows that the widely varying arsenic contents 
of the liver and kidney after the injection of the several compounds in equimolar 
dosage per kilogram probably reflect the varying tissue affinity of these com- 
pounds, uncomplicated by their toxic effects on these organs. 

If the thesis is correct that the toxicity of arsenicals is in proportion to, and 
probably determined by, the degree to which they are taken up by the tissues, 
then no matter what arsenic compounds are used, amounts with equivalent toxic 
effects should result in roughly equivalent tissue arsenic levels. Thus, the 
LD50 levels of tryparsamide, phenyl arsonic acid, and unsubstituted phenyl 
arsenoxide, on intravenous injection into rabbits, have been found to be 700, 
16, and 0.8 mg. per kg. respectively. After the injection of these compounds 
at the LD 5 o level, and despite the 900-fold difference in dosage, one should find 
comparable amounts of arsenic in the tissues. As shown in table 6 and figure 7, 
this has been found to be the case. The amounts of arsenic remaining in the 
liver, kidney, and other organs, 24 or 48 hours after the injection of 700 mg. per 
kg. of tryparsamide, were of the same order of magnitude as those observed 
after the injection of 16 mg. per kg. phenylarsonic acid, or 0.8 mg. per kg. of 
phenyl arsenoxide. Once the tissue levels had stabilized after the initial rapid 
excretion, they were comparable in amount, this despite the wide differences 
in the amounts of arsenic injected, and the expected variations between in- 
dividual rabbits. 

An apparent exception is again afforded by the acid-substituted 4-COOH 
phenyl arsenoxide, in that the tissue arsenic levels after the injection of an 
LDsc dose were regularly lower than with the three other arsenicals discussed 
in the preceding paragraph and listed in table 6. The rapid initial excretion 
of this compound (cf. fig. 5) is reflected in the extraordinarily high kidney levels 
1 hour and 4 hours after its injection, which amounted to 19 and 11 pel- cent 
of the total arsenic injected. The low tissue levels 24 and 48 hours later were 
probably due to this rapid excretion; and the surprisingly high toxicity of the 
compound may perhaps be referable to the kidney damage caused in the first 
few hours after injection by a chemically modified product formed locally, in 
the kidney itself. 

For the other three compounds studied, it is apparently the amount of arsenic 
firmly bound by tissue which determines the toxicity of the compound. It is 
interesting to note that, as will be shown in a later paper, the removal of that 
bound arsenic from the tissues by an appropriate detoxifying agent often pre- 
vents the death of the animal. 



T\BLE 6 

l the I Dto lei el of larious arsentcah, and regardless of the absolute amount of arsenic injected, the tissue arsenic Inels 24 to 48 hours 
after injection hate been of the same order of magnitude *t 
figures in body of table represent arsenic concentration in parts per million of wet tissue (gamma per gram) 
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The rate of excretion of various arscnicals in urine and stool in relation to their 
toxicity. As could be predicted from the foregoing experiments, the rate of 
excretion of arsenic compounds was also correlated with their toxicity. The 
non-toxic compounds, which did not adhere to the tissues, were excreted rapidly; 
while the toxic compounds, firmly held in the tissues, were excreted at a cor- 
respondingly slower rate. The rates of excretion of a series of representative 
compounds injected in equimolar amounts (0.0033 millimols per kg. = 0.25 



Fig. 7. Showing that the liver and kidney arsenic contents 24 and 48 hours after the injec- 
tion of various arsenicals at the LDjo dose were essentially the same, despite a 500-fold 
difference in their LD S0 level. 

mg. As per kg.) are shown in table 7, and the correlation between the rate of 
excretion and the systemic toxicity of these compounds is clearly apparent. 

As has been discussed in a preceding section, the acid-substituted phenyl 
arsenoxides form a special group, in that a rapid initial rate of excretion is 
followed by a period of slow excretion, probably due to their conversion in vivo 
to other, more toxic, compounds (cf. fig. 5). 


Discussion. The experimental data here presented strongly support the 
thesis that the toxicity of arsenicals is primarily a function of the degree to 




DASlb FOU V VR\I\G TOMCITY OF ARStNICALS 


109 


which the} arc bound by tissues It has been shown for a large senes of phenyl 
arsenoxides that the} are bound by red blood cells in \itro in proportion to their 
toxicity It has been similarly found that in the case of highly toxic compounds, 
most of the injected arsenical had been bound by the red blood cells immediately 

TABLE 7 


The rate of excretion of arsenic in the urine and stool of rabbits after the injection 0 / tarious 
arsemcals tn equimolar amounts ( 0 003S millimols/hg ^ 0 25 mg Asflg ), considered tn 
rclatton to the toxicity of the compound 


CONFOUND 

ANIMAL 

NUUBE* 

CUMULATIVE TEECENTAGE OF As EXCELLED LN DAYS 

IELATSVB 

MOLA1 

TOXICITY* 

AVEEACE % 

EX CEE TED IN 

1 

2 

3 

4 

3 

6 

7 

24 hr 

48 hr 

C*H t AsO 

NB 1 

2 5 

8 

12 

17 4 

22 


35 4 

100 

5 

7 


EEZfl 

7 5 

9 4 










6460 


3 5 

5 0 

8 0 

18 3 


38 




4 N{CHj)j t 

8704 

14 8 

22 1 






87 

12 

16 


879S 

10 3 

10 7 









4 NHj 

6S19 

21 

37 5 






56 

20 

34 


mm 

20 

31 









3 NHi-4 

6659 

48 

78 






44 

39 

65 

CjH«OH 

6761 

25 6 

53 5 

6S 5 

S3 

87 


ml 




3 NHCONH 

7162 

22 5 

56 6 






37 

29 

59 

(4) 

9204 

36 

61 









4 NHCOCH,- 

9181 

16 

62 






21 

12 

62 


9332 

7 0 

63 









4 CH t NIIi 

8150 

34 

42 






13 

39 

48 


8184 

43 

53 









3 NIE-4 OH- 

5971 

53 

69 






8 

58 

74 


6154 

61 6 

84 










9075 

62 

68 

96 

98 







Tryparsanude 

6466 

55 4 

60 






0 1 

6S 

81 


6643 

78 

85 










6S07 

64 

90 0 










6821 

73 

89 5 










* On mtrapcntoneal injection into white mice 

f This and following six compounds are substituted phenyl arsenoxides, only the sub 
stituent groups being indicated in the table t 


after intravenous injection Relatively non toxic compounds weie found 
predominant!} in the plasma, and left the blood stream at a correspondingly 
faster rate 

The sequence of events in the blood stream was a model foi what occuncd 
in the tissues After leaving the blood, toxic compounds wero firml} bound 
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by the organs, and relatively high levels were found in the liver and kidney 48 
hours after injection; while after the injection of equimolar amounts of relatively 
non-toxic compounds, correspondingly small amounts were found in the tissues. 

In following the excretion of arsenic the reverse picture was obtained. Toxic 
compounds, adhering to the tissues, were excreted only slowly, as little as 3.5 
per cent appearing in the urine and stool after 48 hours; while non-toxic com- 
pounds, with relatively small affinity for the tissues, were rapidly excreted 
in the urine and stool, as much as 40 per cent within one hour. 

The foregoing observations apply to those phenyl arsenoxides which are 
toxic as such, and which are bound as such by red blood cells in vitro, and 
presumably by tissues in vivo. They apply also to the two inorganic com- 
pounds studied, sodium arsenitc and arsenate. The other types of compound 
studied, the arsonic acids, arsphenamines, and acid-substituted phenyl arsen- 
oxides, are special cases, inasmuch as they are converted to other more toxic 
compounds in vivo. 

In the case of the arsphenamines, there is good reason to believe that they 
owe their therapeutic activity as well as systemic toxicity to their partial oxida- 
tio» in vivo to the corresponding arsenoxide (7, 8, 9). Some of these com- 
pounds are also oxidized in solutions in vitro, but not necessarily to the same 
degree as they are after intravenous injection. For the arsphenamines the in 
vitro test with red blood cells is therefore of little significance in relation to 
systemic toxicity. 

There is considerable evidence that arsonic acids are reduced in vivo to the 
corresponding arsenoxides. Whether the systemic toxicity of these compounds 
is due solely to that conversion, or whether it rests in part on an intrinsic toxicity 
of the arsonic acids as such, the tissue arsenic contents 24 and 48 hours after 
injection were consistent with, and roughly predictable from, their LD £t > values. 

Perhaps the most interesting group of compounds studied were the acid- 
substituted phenyl arsenoxides. These were not bound by red blood cells in 
vitro to a significant degree, and would presumably not be bound by tissues 
in vivo. Consistent with that hypothetical lack of affinity for body cells, the 
five compounds in this series studied in vivo were at first rapidly excreted, at a 
rate exceeding that of any other phenyl arsenoxide studied. After the first 
few hours, however, the excretion fell off sharply, and there was a subsequent 
retention of arsenic, particularly in the kidney. Moreover, although these 
compounds proved unexpectedly toxic on systemic injection, death in white 
mice injected at the LD t0 level was regularly delayed as compared with death 
from other arsenoxides injected at the same level. These observations sug- 
gest that most acid-substituted compounds are non-toxic as such, consistent 
with their demonstrated lack of affinity for red blood cells in vitro, and with 
their rapid initial excretion. They are, however, apparently converted to 
other compounds in vivo which are bound by the tissues and which are toxic. 
This results in a sudden decrease in the rate of excretion, and in the characteristi- 
cally delayed death of mice injected at the LD £0 level. Here then is the reverse 
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of the ordinary phy biologic mcclnni^m of detoxification, in that the bod} Tp 
parentlv converts a relativ clj innocuous compound to one which is firmly 
hound by the body cells, and which is toxic to the host by virtue of that combina 
tion 

If arsenic compounds me toxic to the dcgice that they arc bound, it necessarily 
follows that at do«cs which produce equivalent toxic effects, there should be 
equivalent amounts of arsenic in the tissues, regardless of the nature of the 
compound, and regardless of the absolute amounts injected This was borne 
out experimentally by the dcmonstiation that three out of four arsemcals 
injected at the LDso level pioduced essentially the same arsenic concentrations 
in the tissue*, despite the fact that tlic^c LDso doses v atud fi\ c hundred fold 
The acid substituted 4 COOH compound gave substantially lower tissue levels, 
for reasons already discussed 

The present data are thus consistent with the general thesis of Ehrlich that 
the pharmacologic effects of arsenical* arc determined by their combination 
with specific 4 arsenoceptoi * groups, whether in the tissues of the host ( organo 
tropism* ), 01 in the mvadmg organism ( ‘para^itotropi^m”) It has heic 
been shown that the wide diffueuccs m the toxicity of a «encs of phenylanStn 
oxides arc determined by corresponding differences in the amount of each 
bound by these ’ leccptors ’ The w ide differences m their therapeutic activity 
may well rest on a similarly v aryingcombinationwiththercceptorsofthe organism 

There lias been considerable speculation as to the nature of the arsenic recep 
tors in tissues and in organisms The known affinity of aiscnic compounds 
for — SH groups suggests that similar thiol groups may be the arsenic receptors 
m protoplasm The extensive studies of Voegthn and his associates (2, 3, 7, 
8, 12) demonstrating the fact that thiol compounds as a group modify the 
biological activity of arsemcals in vitro and in vivo have led them to suggest 
that arsenic is a specific poison for glutathione and possibly other — SH com 
pounds which may occur m protoplasm, and which are essential for the metab 
ohsm of the cell A number of other workers have also demonstrated the 
detoxifying effect of — SH compounds on arsenic compound*, both in vitio and 
m vivo (13) The recent demonstration by r Barron ind Singer (15) that a 
wade variety of enzyme proteins containing — SH groups are reversibly macti 
vated by arsemcals, with the simultaneous disappearance of the titratablc — SH 
groups, strongly supports the bisic thesis that — SH groups in protoplasm, 
whether fiec glutathione, fixed ’ — SH groups in the sense of Hopkins aud 
Dixon (cf Rosenthal (3)) oi moi c specifically , free — SII groups mvanousenzy me 
proteins essential to the life of the cell, are the arsenic receptor* postulated by 
Ehrlich The quantitativ civ v trying effects of the same arsenic compound 
in different cells and of diffcient compounds in the same cell may be a function 
of ^elective cell peimcabihty , ov mav be lefcrable to differences m affinity be 
tween inchvidu il arsemcals and indiv idual — SH compounds The determination 
of the hydrolvsis constants of a sene* of thioarsenites would be of intciest m 
thi* connection 
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SUMMARY 

1. In a series of phenyl arsenoxides varying twenty-fold in toxicity, the 
amount of each (acid-substituted compounds excepted) bound by red blood 
cells in vitro was in proportion to its systemic toxicity. 

2. A similar variation was found in the amount of arsenical bound by the 
circulating red blood cells immediately after intravenous injection. The non- 
toxic compounds were not bound to the same degree as toxic compounds, and 
left the blood stream at a faster rate. 

3. The amount of arsenic remaining in the liver and kidney 24 or 48 hours 
after the intravenous injection of arsenoxides or arsenic acids was proportional 
to their toxicity. 

4. The rate of excretion of phenyl arsenoxides (acid-substituted compounds 
excepted) was also a function of their toxicity. The non-toxic compounds, not 
bound by body cells, were excreted rapidly; while the toxic compounds were 
excreted slowly, in inverse proportion to their toxicity. 

5. At dosages which produced equivalent toxic effects (the LD i0 level), 
tryparsamide, phenyl arsonic acid and phenyl arsenoxide resulted in comparable 
tissue levels, despite a 500-fold difference in absolute arsenic dosage. 

6. It is therefore suggested that the varying systemic toxicity of arsenicals 
is primarily determined by the varying degree to which they are bound by, 
and thus block, essential functional groups in vital organs. The chemical 
nature of these groups is discussed in the text. 

7. Acid-substituted phenyl arsenoxides are only an apparent exception to 
this generalization. Although fairly toxic, they were bound to only a minimal 
degree by red blood cells in vitro or in vivo. After intravenous injection, 
they were at first excreted rapidly, as much as 40 per cent appearing in the urine 
in one hour. The excretion was, however, abruptly curtailed after approxi- 
mately four hours; and death in white mice injected at the LDso level was 
characteristically delayed as compared with death resulting from other phenyl 
arsenoxides. It seems probable that most acid-substituted phenyl arsenoxides are 
not toxic as such, consistent with their lack of affinity for red blood cells, and 
their initially rapid excretion. The sudden curtailment of urinary excretion, 
and the delayed death of mice, suggest that they are converted by the body 
to other compounds which can combine with vital chemical groupings in the 
tissues, and which are toxic by virtue of that combination. 
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The use of salicylates in rheumatic fever has been empirical, with no concensus 
of opinion as to the dosage required or as to its value in modifying the progress 
of the disease process. Recent work, however, has indicated that high concen- 
trations of ^salicylate maintained in the plasma for a long period of time do 
markedly modify the sterile inflammatory process and inhibit the development 
of cardiac disease (I). 

Knowledge of the plasma concentration of salicylate is essential for the con- 
struction of rational regimes of therapy. The methods for estimating salicylate 
that have been previously described are not precise (2). A simple procedure for 
routine use is described here. This involves a separation of the salicylic acid 
from plasma by extraction into ethylene dichloride and its return to an aqueous 
phase as the colored iron complex which is determined colorimetrically. 

Reagents. 1. Standard Salicylic Acid Solution, 100 mgm. per 100 ml. One hundred 
and sixteen mgm. of sodium salicylate are dissolved in exactly 100 ml. of water. This 
standard is quite stable when stored in the refrigerator. Working standards are prepared 
by dilution with water. 

2. 6 N HC1. 

3. Ethylene dichloride. 

4. 1% Fc(NOj)i in 0.07 N HNOj. This concentration of nitric acid has been selected 
since it is sufficiently strong to prevent hydrolysis of the iron salt, and yet not impair the 
iron-salicylic acid reaction. 

Procedure. Add 2 ml. of plasma, or 1 ml. of plasma and 1 ml, of water, to 0.5 ml. of 6 N 
HCl and 30 ml. of ethylene dichloride in a 60 ml. glass-stoppered pyrex bottle. Shake 
vigorously for 5 minutes, preferably on a shaking apparatus. Transfer the mixture to a 35 
ml. thick-walled test tube and centrifuge for 5 minutes at moderate speed. Remove the 
supernatant aqueous layer by aspiration. Transfer exactly 20 ml. of the ethylene di- 
chloride layer to a dry 60 ml. glass-stoppered bottle and add 10 ml. of water and 0.25 ml. of 
the iron reagent. Shake for 5 minutes. Transfer at least 6 ml. of the supernatant aqueous 
layer to a colorimeter tube. Read in the colorimeter, using a filter with maximal 
transmission at 540 mu. 

Standard Curve . The distribution coefficient of salicylic acid in an ethylene dichloride 
acidified water system is such that at room temperature, with volumes of 30 and 2.5 ml. 
respectively, 90% of the salicylic acid is in the organic phase. This coefficient is highly 
reproducible and does not appear to be sensitive to small changes in temperature. Stan- 

1 The work described in this paper was done under a contract recommended by the 
Committee on Medical Research between the Office of Scientific Research and Development 
and New York University. 

3 Lieutenant Commander MC V (S) U.S.N.R. attached to this laboratory on temporary 
duty. 
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dards arc prepared bj taking 1 ml of standard sabcj lie acid solution 1 ml of w ater, adding 
0 5 ml of 0 JV HC1 and handling in the same manner as the plasma determination A 
standard curve is constructed on semi logarithmic paper, i\ ith per cent transmission plotted 
against milligrams per cent of saltcjhc acid 

Results Estimations of sahc\lic acid added m \anous amounts to human 
plasma i\ cic performed to test the accuracj of the method The data in Table I 
indicate that salicylic acid added to plasma is reco\ erablc with satisfacton 

TABLE l 


Itecoicry of salicylic acid added to plasma 


SALICYLIC ACID ADDED 

SALICYLIC ACID 70U>D 

MCOYEtY 

mgm 


ftrttnl 

0 OoO 

0 OoO 

100 


0 047 

91 


0 0o2 

m 


0 054 

10s 


0 OoO 

100 


0 OoO 

100 

0 100 

0 095 

9o 


0 100 

loo 


0 100 

ICO 


0 103 

103 


0 09S 

9S 


0 09S 

9S 

0 200 

0 203 | 

102 


0 19$ 

99 


0 193 | 

99 

0 300 

0 29o 

OS 


0 292 

97 


0 300 

loo 


0 303 

101 


0 303 

101 

0 500 

0 510 

102 


0 517 

103 


0 4S0 

96 


0 4 SO 

96 


precision Anal>ses run on single samples of plasma oicr a period of seicral 
daj s alw a) s gave highl> reproducible results and it maj be concluded that sal- 
ic) lie acid m plasma is stable n hen stored in the refrigerator 
Specificity The absence of detectable blanks m snlici late fice plasma 
indicates that the constituents of normal plasma do not participate to a meas- 
urable extent in these reactions This simplifies an examination of the specifiers 
of the procedure The degree of specificity is dependent onlj upon the 
extent to which the metabolic products of saheshe acid itself are excluded m 
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the final colorimetric estimation. Two such metabolic products are present in 
large amounts in the urine of human subjects receiving sodium salicylate (3). 
Of these, only salicyluric acid is soluble in ethylene dichloride and reacts with the 
iron. Its presence in appreciable amounts in the plasma would therefore be a 
source of error in the estimation of salicylic acid. 

The difference in the distribution coefficients of salicylic acid and salicyluric 
acid in the ethylene dichloride-water and carbon tetrachloride-water systems 
was used to assay the possible error in plasma determinations due to the presence 
of salicyluric acid. One hundred micrograms of salicyluric acid added to 1 ml. 
of plasma were found to be equivalent to 35 micrograms of salicylic acid in the 
routine procedure. However, when carbon tetrachloride was substituted for 
the ethylene dichloride the same amount of salicyluric acid was equivalent to only 

TABLE 2 

Comparison of salicylic acid determinations using ethylene dichloride and carbon tetrachloride 

as organic solvents 

These plasma specimens were obtained from patients receiving therapeutic doses of 
sodium salicylate. 


SPECIMEN 

ETHYLENE D1CHLOKJDE 

CARBON TETRACHLORIDE 


mim.% 

tnf«. % 

1 

32.7 

31.0 

2 

22.5 

22.3 

3 

32.6 

32.1 

4 

24.5 

24.0 

5 

34.7 

33.4 

6 

43.8 

41.9 

7 

36.6 

! 34.2 

8 

30.8 

29.3 

9 

27.0 

26.4 

10 

38.3 

36.9 

11 

25.8 

26.5 

12 

24.0 

25.3 

13 

21.4 

21.6 

14 

19.9 

19.7 


5 micrograms of salicylic acid. On the other hand the distribution ratio of 
salicylic acid between acidified water and carbon tetrachloride is the same order 
as that which obtains with ethylene dichloride. These circumstances favor the 
use of carbon tetrachloride in appraising the specificity of the routine procedure. 

Salicylic acid determinations were made on a series of plasma samples from 
patients on sodium salicylate therapy. The estimations were made using both 
ethylene dichloride and carbon tetrachloride as the organic solvents. The results 
of this estimation are summarized in Table II. The differences between the 
salicylic acid concentrations determined with ethylene dichloride and with carbon 
tetrachloride were invariably small, the maximum being 7 per cent. It may be 
concluded from this finding that the error due to the presence of salicyluric acid 
is negligible in the case of plasma. Other known derivatives of salicylic acid do 
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not constitute n source of error in the procedure in that the} are either not ex- 
tractable from plasma bj ethjlene dichloride or do not form stable colored com- 
plexes w ith iron 1 * * * 5 

The presence of large quantities of sahcvluric acid in the unne precludes the 
u«e of the simple procedure for the estimation of sahej lie acid m this biological 
fluid 


SUMMARY 

A method is described for the estimation of sahc> lie acid in plasma The 
salicylic acid is separated from plasma b\ extraction with eth\lene dichloride 
from an acid medium It is then returned as the colored iron complex to an 
aqueous phase and determined colorimetrieally. The procedure is simple and 
permits the routine estimation of the plasma concentrations of salicylic acid 
achie\ed with the usual therapeutic doses 
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1 It is not advisable to substitute carbon tetrachloride for ethylene dichloride in the 

routine procedures since the distribution ratio of salicylic acid in the carbon tetrachloride 

and water system 19 different than m a carbon tetrachloride plasma system and both are 

somewhat variable The ob«ervations using carbon tetrachloride required the simul 

taneous construction of standard curves using salicylic acid in plasma for the standard 
solutions 
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Sixty hve new barbituric acid derivatives prepared by Bhcke and Zicnty 
(1) and Centolella, Nelson and Kolloff (2) have been c\ ablated in this labora 

tor> by determining their ratios and t> pes of response in rats Of the 

different senes of barbiturates studied those containing the cyclopcntenyl 
tadical showed the most promise Cyclopal (5 allyl 5 A’ cy clopcntenyl barbi 
tunc acid), selected as the best of the cyclopentenyl series, has been studied 
more extensively in rats, rabbits and dogs by intrapentoneal, subcutaneous and 
oral administration in parallel with the U S P barbiturates and sev eral accepted 
in N N R Because Cyclopal appears to be most like Pentobarbital U S P , 
the actions of the two are compared in the experiments herein reported which 
are limited to acute and chronic studies on rats and dogs following oial ad 
ministration 

Acute toxicity Methods employed Male rats between 150 and 225 grama in weight 
and mature healthy dogs of both sexes which had not had access to food for a period of 
approximately twenty hours prior to treatment were used The barbiturates were ad 
ministered by stomach tube Rats were given solutions of the sodium salts of Cyclopal 
and Pent obarbitalU S P containing the equixalent of 25 mgm of the free acid per cc and 
dogs were given similar solutions containing 50 mgm of the free acid per cc Duration of 

anesthesia ' was taken as the time following administration of the barbiturates during 
which pinching tho tail failed to cause the rats to right themselves and pressure on the 
thigh muscles failed to arouse the dogs 

Experimental results Rats and dogs The results obtained are shown as 
follows 


B VBD1TVXIC ACID 


NUMBE* 

or 

ANIMALS 


in 50 | 


ID SO 

AJJ 50 


INDUCTION TINT 


DUBATTON 


AD 50 | 


5CT 

L D 50' 


S0% 

L D SO 


Rats 


Cyclopal 

Pentobarbital 

113 

36 

'mgm /kgm 

75 
| 50 

mgm /kg’* ' 

205 | 
118 ! 

2 7 

2 4 1 

20 

25 i 


hri i 

1 3 

1 1 

tin 

Dogs 

Cyclopal 

38 

| 27 

105 ; 

3 9 ! 

23 : 

32 

1 1 5 

14 0 

Pentobarbital 

28 

i 18 

65 

3 6 

24 

35 

12 

6 6 
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They indicate that in both species Cyclopal and Pentobarbital possess approxi- 
mately the same ^ gQ ratios. Between 50 and 60 per cent more Cyclopal than 

Pentobarbital is required to obtain the A.D.50 and L.D.50 in both rats and 
dogs. Onset of “anesthesia” is about the same with both barbiturates but 
duration is longer following Cyclopal. 

Chronic toxiciti-. Methods employed. Fifty 150-gram male rats and ten mature, 
healthy dogs (male and female) were used for the comparative study of the chronic toxicity 
of Cyclopal and Pentobarbital U.S.P. Twenty rats and four dogs were used for the study 
of each drug. Ten of the rats and two of the dogs served as controls. The barbituric 
acids were administered after a twenty hour fast as solutions of their sodium salts (25 mgm. 
and 50 mgm. of the barbituric acid per cc. for rats and dogs respectively) by stomach tube 
on alternate days three times weekly for from twenty-three to twenty-eight weeks. The 
doses for rats were adjusted at each administration to an amount anticipated to be the 50 
per cent "anesthetic” dose for the group. For dogs, on the other hand, the dose for each 
was adjusted at each administration to an amount thought to be just large enough to cause 
“anesthesia”. The body weight and quality and length of induction and duration of 
"anesthesia” were recorded for each animal. In Fig. 1 the data for the experiment with 
rats are shown by plotting (for the thirteen survivors of each group) averages of body 
weight, dose of barbiturate, per cent "anesthetized”, induction time and duration of 
"anesthesia” on the ordinate against time in weeks on the abscissa. In Fig. 2 similar data 
are shown for the experiment with dogs. 

Experimental results (Rais). Thirteen rats of each of the treated groups and 
nine in the control group survived the experiment. The Pentobarbital fatalities 
occurred between the first and ninth weeks while those in the Cyclopal group 
were evenly distributed between the second and twenty-sixth weeks. Some 
deaths can be attributed in part to respiratory infection while others may have 
been due to the toxic action of the barbiturates, although grossly no tissue 
damage was apparent. The organs of those rats surviving treatment likewise 
appeared in no way to differ grossly from those of the controls. 

From Fig. 1 it can be seen that “anesthesia” was fairly well maintained 
on an average of approximately 50 per cent for both groups and that neither 
suffered from the effects of continued barbiturate administration as far as 
growth was concerned. 

The arithmetical means of the chronic A.D.50 of Cyclopal and Pentobarbital 
' are 91 ± 8.2 and 49 ± 5.6 mgm. per kgm. respectively, indicating about an 
equal spread on a percentage basis. There was a tendency, however, for the 
rats to become slightly more susceptible to the action of Pentobarbital and 
more refractory tfo the action of Cyclopal. 

The average induction times were twenty-two and eleven minutes for Cyclopal 
and Pentobarbital respectively. Onset of “anesthesia” was remarkably uniform 
over the entire period of the experiment. The average duration of “anesthesia”, 
on the other hand, while approximately 60 per cent longer following Cyclopal 
(112 minutes) than following Pentobarbital (69 minutes) showed considerable 
variation for both dings over the six month period. In general, duration of 
“anesthesia” appears to parallel dosage. 
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(Dogs ) The general good health of the dogs at the termination of the 
experiment is reflected b} the bod} weight curves plotted in Fig 2 Dog 14 
(Pentobarbital) was the onl} fatality His death in the eighth week, two days 
follow mg his last administration of Pentobarbital, is attributed to respirator} 
infection Dogs 15 (Cyclopal), 16 (Pentobaibitol) and 37 (control) weie 
sacrificed iftei sixteen weeks of tieatment and the lcmaining six dogsaftei 
twenty three weeks, of tieatment Doctors Waltei Schillei of Cook Count} 
Hospital and M B Jacobs of Lo}ola t mversit}, who kmdlv made the gross 
and microscopic examinations on these dogs, concluded that the tissues 1 of the 
treated dogs differed onlj within noimnl limits from those of the conti ols and 
that theic was no evidence of degeneiative oi other pathologic changes Cor 
roborating cudenoc that the livei, which is piobnbl} the site of detoxification 
of C}clopal and Pentobarbital, was undamaged b} the barbiturates was ob 
tamed b} use of the bromsulphalcm liver function test during the last two 
weeks of tieatment 1 he i a to of dmppcai mcc of the dj e fiom the blood stream 
of the test animals in no way diffcied from its iatc of di«appeai ance from the 
blood sticam of the conti ol animals 

3 ho dosage cmves m Tig 2 show the weekl} avernges of the minimum dose 
requited to “anesthetize” each dog It is to be expected that there would bo 
individual diffeicnccs in susceptibility to both drugs However, with the 
exception of dog 15, who was particular!} icMstant, the minimum do*es required 
to pioduce anesthesia' throughout the experiment are in good agreement 

1 he G}clopal tieated dogs uniformly became refractoiy to continued treat 
ment On an average, houcvei, maximum tolerance (appioxmiatel} 43 per 
cent more Cyelopal than was leqmrcd at fust) was reached in about six weeks 
and thcieafter there was little change in effective dosage No lefractormess, 
on the other hand, w as exhibited by the group of dogs on Pentobarbital Mam 
tenance of approximately 100 pei cent response which was of fairly umfoim 
duration was possible with the Pentobaibital dogs in spite of a gtadual though 
not marked decrease in dose 

The average time of induction of anesthesia” of dogs receiving both bnbi 
tu rates varied ronsidembly fiom week to week as shown in Tig 2 Dicie was, 
however, no trend tow aid lengthening ot shoitcnmg of induction time observed 
on any dog ihc authmeticil mean of all induction times foi Cy (.lopal was 
twenty one minutes and foi Pent obu lut al thnteen minutes 

The dilution of anesthesia’ of the C } clop il ti cited dogs mueased ovci 
the entire penod of the expenment 1 he 1 ite of increase was gieatest, ho vever, 
fot the first eight weeks during which time it was found necessaiy to giadually 
mcieosc the dosage in order to induce anesthesia” The average length of 
1 anesthesia” foi the Pentobarbital dogs after an initial high \ alue fell to a level 
which was faulv well maintained 

1 The following tissues were examined microscopical!} esophagus stomach, duodenum 
jejunum colon pancreas h\er gall bladder ktclnc> urinary bladder spleen, prtuitnr} 
thjroul adrcml striated muscle artcrj myocardium lung peripheral nerve brun 
(cerebellum and c< rtc\) bone marrow ov irj ami testis 
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In order to indicate the frequency at which “anesthesia” occurred for each 
dog throughout the experiment, beside each point on the weight curves, which 
represent the average values of three alternate days, are placed “x” and “xx” 
if no “anesthesia” occurred after one and two of the three administrations 
respectively. “Anesthesia” resulted following each of the three administrations 
on all points unmarked. 

The quality of response elicited by these barbiturates appears to be equal 
when judged by the smoothness of induction of “anesthesia”, the depth of 
“anesthesia” and the rate of disappearance of hypnotic symptoms. Slight 
excitement was frequently observed during onset of “anesthesia”. In general, 
however, induction was remarkably smooth. Depth of “anesthesia” was fairly 
uniform over the entire period of the experiment. Recovery from the hypnotic 
effects of both drugs was very rapid in marked contrast to the rate of recovery 
from barbiturates predominantly eliminated by excretion in the urine. 

Excretion studies. Methods employed. The urine of dogs receiving Cyclopal, Pento- 
barbital and Barbital was examined in order to ascertain what part of the ingested or 
injected material was eliminated from the body by the Sidneys. The methods of isolation 
and purification studied were those of Koppanyi ctal. (3),Shonle etal. (-1) and Brundagcand 
Gruber (5). The colorimetric estimation of the barbiturate extracted from the urine as 
used in the methods employed by Koppanyi etal. and Brundage and Gruber proved unsatis- 
factory in our hands partly because of the interference of urine pigments and partly be- 
cause, as Kozelka, Nelson and Tatum (6) have reported, the color intensity was not pro- 
portional to the barbiturate concentration. Best results were obtained with urine samples 
when the product isolated by the method of Brundage and Gruber was sublimed and its 
hypnotic activity compared with the hypnotic activity of the pure barbiturate when both 
were injected into 50 gram rats. 

Experimental results. Eleven experiments on eight dogs to which the barbi- 
turates were administered in doses ranging from subhypnotic to the L.D.50 
indicated that at most only 2.5 per cent of the administered Cyclopal or Pento- 
barbital was present in the urine excreted in the first fifty hours. On the other 
hand, 25 per cent of a subhypnotic intraperitoneal dose of Barbital was recovered 
from urine collected for seventy-two hours. These results are in agreement with 
elimination studies reported for Cyclopal by Dille and Kipple (7) using rabbits 
and indicate that Cyclopal and Pentobarbital differ from Barbital in not being 
eliminated to an appreciable extent in the urine. 

CONCLUSION'S 

In rats and dogs Cyclopal has a very good “margin of safety". It is approxi- 
mately equal to that of Pentobarbital U.S.P. Cyclopal’s minimal effective dose 
is approximately 50 per cent greater than that of Pentobarbital and its effective- 
ness lasts for a somewhat longer period of time. The interval between the end 
of “anesthesia” and the time of complete freedom from hypnotic symptoms is 
short for both drugs. Cyclopal and Pentobarbital are not excreted as such 
in amounts greater than 2.5 per cent of the quantity administered in the urine 
of dogs which probably indicates that these barbiturates are broken down 
in the body. 
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Tn the cluonic experiments Cyclop 'll behaved like Pentobarbital in that it 
pioduced no detectable tissue damage and at the conclusion of the experiment 
had caused no change in the deportment of the animals from the normal Cy clo 
pal differed fiom Pcntobaibital m these respects The animals became somewhat 
more icfractory to Cvclopal and the period of ‘anesthesia” increased with the 
necessarily larger doses icqinred to pioduce it On the other hand, they became 
slightly susceptible to the action of Pentobarbital but the duration of “anes 
thesia” lemained substantially the same 


SUMMATU 


Cy cl opal (5 ally 1 5 A* cy clopenteny l barbituric acid) selected as the best of a 
senes of cy clopenteny 1 barbiturates, has been compared with Pentobarbital 
U S P in rats and dogs from the standpoint of acute and chronic oral toxicity, 
effectiveness and excretion 
L D 50 

The ^ ratios foi Cyclopal and Pentobarbital respectiv ely w ore found to 


, 205 ,11 8 . A 105 , 65 , , 

be -^7 and — for rats and — and — for dogs 


75 


50 


When dogs were given 50 


pei cent of the I D 50 the onset of anesthesia was approximately one half hour 
foi both diugs Ihe duration of anesthesia at tins dosage level was longer 
foi Cyclopal (fourteen hours) than for Pentobarbital (five and one half hours) 
Using the minimum dose response iclationslup as a criterion both rats and 
dogs m the chronic study became somewhat xefractory to Cyclopal and slightly 
susceptible to Pentobarbital lhe degree of lesponse l e , duration of ' anes 
thesia appeared in general to be related directly to the dose 
The quality of response was the sime foi both Cyclopal and Pentobarbital 
as judged by smoothness of onset of anesthesia”, depth of anesthesia’ and 
ripidity of iccovciy from hypnotic symptoms 

In dogs absence of degeneiative oi pathologic il changes noimal liver func 
tion geneial good health and noimal deportment weie observed at the end 
of five months of treatment with Cyclopal and Pcntobaibital (A D 100 on altei 
natc days) 

Hypnotic matcnul exacted in the mine of dogs receiving doses as laige as 
the L D 50 docs not amount to moie than 2 5 per cent of the ingested Cyclopal 
ot Pcntobaibital 
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Certain of the effects of the digitalis glycosides on the function of striated 
muscle resemble those resulting from an excess of potassium. As a result of 
studies on the action of ouabain on the energetics of contraction of the isolated 
frog’s sartorius muscle, Cattell (1) concluded that the characteristic changes 
“are due to the formation or liberation of some substance which readily diffuses 
from the muscle” and “that these changes are consistent with those caused by the 
escape of potassium from the cell.” 

The phenomenon with which we are here concerned is the reversible loss of 
excitability in the frog’s sartorius muscle resulting from an excess of potassium, 
originally discovered by Sereni (2) and studied in detail by Dulihre and Horton 
(3) and by Solandt (4). A similar effect due to an action of the digitalis gly- 
cosides has been reported by Cattell (1). It is the purpose of the present com- 
munication to present the results of studies on the influence of temperature on the 
reversible loss of excitability in striated muscle treated with potassium or digi- 
toxin and to consider further the mechanism of digitalis action. 

Methods. A double sartorius preparation from the frog was employed in all of the 
experiments. It was immersed in Ringer’s solution (NaCI 0.675 per cent, CaClj 0.020 
per cent, KC1 0.015 per cent, phosphates 0.10 per cent to give a pH value of 7.2) for at least 
one hour to assure a uniform response of the preparation and equalization of the tempera- 
ture. The preparations were set up in a moist chamber, which was immersed in a large 
vessel filled with water at the desired temperature. Oxygen was bubbled slowly and 
continuously through the chamber. The contractions were recorded on a kymograph 
through an isometric lever. 

In the experiments devised to determine the effect of digitoxin at various temperatures, 
the Ringer’s solution was removed from the chamber and replaced by a similar medium 
containing digitoxin (1 to 2 parts in one million), in which the preparation was for a variable 
time, generally twenty minutes. The length of time that the preparation was exposed 
to digitoxin did not influence the result provided it was upwards of ten minutes. After 
withdrawl of this solution, with the muscle in an atmosphere of oxygen, a twitch was re- 
corded every five minutes until a marked depression of excitability occurred, indicated 
by a tension drop to well below 50 per cent of the initial value. Ringer's solution was 
returned to the chamber to permit a‘ return of normal excitability. This procedure, alter- 
nating between digitoxin and unmodified Ringer’s, was repeated several times on the same 
preparation; in some instances as many as eight exposures to digitoxin were performed. 

In the series of experiments devised to determine the effect of temperature on the action 
of potassium, the Ringer’s solution was removed from the chamber and replaced by one to 
which KC1 (5 to 10 times the amount present in the balanced Ringer’s) had been added. 
This was allowed to act for from 10 to 30 minutes and, after withdrawl of the fluid, the 

•Present address: Neurological Institute of New York. Ft. Washington Ave. and W. 
16Stli St., New York 32, N. Y. 
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Hutch tensions were obtained at regular inter' aU while the muscles remained in an atmos- 
phere of moist oxvgen As the musoles Were not washed, the potassium which had pene- 
trated the interior or had remained on the surface of the muscles was presumably present 
throughout the course of the experiment The effect of repeated exposure to potassium 
excess at different temperatures was studied The results were compared with those ob- 
tained on the preparations which were treated with digitoxin 

Results Digitoxin Tlie data from six experiments showing the effect of 
repeated short exposures to digitoxin (at room temperature) on the tension of 
the contracting sartonus muscle arc presented in table 1 Prom the^e data it 
is clear that the time required to reach 50 per cent tension is not a constant value 
in the same preparation kept at room temperature The time for half tension 
following the 6econd short exposure was alwajs less than that required for the 
same effect following the first immersion The time follow mg the third exposure 
was slightly less than the second, and the fourth about equal to the third 
Subsequent exposures \aned but slightly in time for the development of half 

TABLE 1 

Repealed exposure to digitoxin at constant temperature 


TIME is U1VCTES TO* 50 TE* CENT EFDICTIOS IS TENStOS FOLLOWING 

REPEATED EXPOSUIE TO 1 1 000 000 DIGITOXIN 



1st 

2nd 

3rd 1 

4th 

P 12 

39 

31 

39 


ru 

70 

sc 

48 

35 

F 15 

50 

46 

51 


P 17 

10S 

70 

SO 


P 23 

138 

GO 

42 

30 

P 27 

90 

55 

38 

47 

Average 

83 6 

53 

49 7 


Per cent 

100 | 

63 5 

69 5 



tension The early twitches of the senes usually showed an increase in tension 
which followed a rather definite pattern The increased tension was generally 
greatest following the first exposure and the time for this dev elopment was longer 
than that which followed the second and subsequent exposures This aug 
mentation gradually decreased, and, in many instances, did not appear following 
the fourth and subsequent exposures These changes are similar to those re 
ported by Guttman and Cattell (5) , 

The data from six experiments showing the effect of temperature on tension 
following repeated short exposures to digitoxin are presented m table 2 The 
time for the development of half tension is much increased as a result of lower 
temperature (the lower temperature was 10 degrees C less than the higher 
temperature, which ranged between 20-27 degrees C ) These data indicate a 
Qio of nearly 2 

Potassium The effect of repeated exposure of the frog sartonus preparation 
to Iv excess in Ringer’s solution was repotted bj Guttman and Cattell (5) It 
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was observed that “when the concentration of K is raised to a value higher than 
about five times that normally present in Ringer’s solution, i.e., increased from 
8 mgm./lOO ce. to almost 40 mgm./lOO cc., a series of characteristic changes 
occur which closely resemble those observed following immersion in dilute oua- 
bain or digitoxin solutions.” The data presented in table 3 indicate the time 

TABLE 2 


Repealed exposure lo digitoxin at different temperatures 


EXPERIMENT 

TIME 1*4 MI NOTES FOR 50 PER CENT REDUCTION IN TENSION FOLLOWING 
REPEATED EXPOSURE TO 1:1,000,000 DIGITOXIN 

1st 

2nd 

3rd 

F 21 

121 (27)* 

140 (17)* 

SO (27)* 

F 52 

65 (27) 

83 (17) 

43 (27) 

F 54 

80 (26) 

120 (16) 

70 (26) 

F 56 

125 (20) 

110 (10) 

65 (20) 

F 57 1 

63 (20) 

53 (10) 

25 (20) 

F 58 

83 (24) 

150 (14) 

23 (24) 

Average ... 

89.5 (24) 

109.3 (14) 

51 (24) 

Per cent 

100 

122 

57 


* Temperature in degrees C. 
t 1:500,000 digitoxin. 


TABLE 3 

Repeated exposure lo potassium at constant temperature 


EXPERIMENT 

POTASSIUM 

TIME IN MINUTES FOR 50 PER CENT REDUCTION IN TENSION FOLLOW - 
INC REPEATED EXPOSURE TO POTASSIUM 

1st 

2nd 

3rd 

4 th 


mgm. per 100 cc. 





B 3 

47.1 (6x) * 

2S 

17 



B 5 

39.3 (5x) 

53 

40 



B 6 

39.3 (5\) 

72 

40 



F 44 

62.9 (8\) 

22 

10 

13 

16 

F 45 

62.9 (Sx) 

19 

1' 

14 

12 

F 49 

62.9 (Sx) 

30 

10 

18 

6 

Average. 


37 

22 



Per cent. 


100 

59.3 




* Potassium concentration in multiples of that present in normal Ringer’s solution. 


required to elicit a 50 per cent reduction in muscle response (twitch tension) 
when the soluble sartorius preparation is repeatedly exposed to an excess of po- 
tassium at a constant temperature (about 22-24 degrees C.). The average (6 
experiments) time for this reduction, following the second exposure, was about 
GO per cent of the control value. Table 4 consists of data indicating the effect 
of temperature on the response of the sartorius to Ringer’s solution preparation 
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v. ith an excess of potassium In the seven experiments, the second exposure w as 

at a temperature ten deuces C lower than the first, and the average time to 
half twitch tension was about 70 per cent of that at the higher temperature 
These data demonstrate that Qio v alues for preparations exposed to potassium 
excess Ringer’s solutions are very small, about 1 2 
Discussion The experiments described above demonstrate a positive tern 
pt ratine coefficient for the action of digitoxm resulting in loss of excitability in 
isolated striated muscle This is in accord with data presented by MncKenzie 
(C), Cohn and Jamieson (7), Stone, Phillips and Bliss (8), McGuigan (9), Tischer 
(10), Sollmann, Mendenhall and Stingel (11), Baker (12), Haskell (13), Gunn 
(14), Hirschfelder, Bicck, Kucera and Hanlon (15) and Jameison (10), who 
administered various digitalis glycosides to intact animal preparations including 


TABLE 4 

Repeated exposure to potassium at different temperatures 


EXPEdMENT 

POTASSIUM 

TIME 11 

< MINUTES TO* SO PE* CENT t EDUCTION IN TENSION TOLLOWING 
IEPEATED EXPOSU* E TO POTASSIUM 


wjm ptr 100 ce ^ 


1st 


2nd j 

3rd 

F 40 

30 3 (5x)* 

65 

(27 6) 

55 

(17 5) 

40 (27 5) 

F 41 

39 3 (5x) 

102 

(20 5) 

40 

(19 5) 

25 (29 5) 

T 43 A 

62 9 (8x) 

22 

(27 5) 

20 

(17 6) 

18 (27 5) 

F 46 

62 9 (8x) 

13 

(27) 

14 

(17) 

13 (27) 

F 47 

62 9 (8x) 

16 

(27) 

14 

(17) 

12 5 (27) 

F 48 

62 9 (8x) 

i 16 S (27) 

14 

(17) 

12 5 (27) 

r 43 B 

62 9 (Sx) 

48 

(27 5) | 

38 5 (17) 

27 5 (27 5) 

Average 


1 40 4 (27 4) 1 

29 9 (17 4) 

21 2 (27 4) 

Per cent 


| 100 


| 70 4 


52 5 


* Potassium concentration in multiples of that present in normal Ringer a solution 


the frog, cat, dog and rabbit and observed the effect of temperature on the digi 
tails action on the heart 

Thc<?e studies (G-1G) all indicated a positive temperature coefficient for the 
action of digitalis on the rhythmically beating heart and support Windaus (17) 
who postulated a chemical action between cardiac glycosides and muscle The 
work of Cattell (1) indicates that inorganic ions are also concerned in the mech 
amsm of digitalis action Ouabain is effectiv e in producing a reversible mexcit- 
abihty m skeletal muscle presumably by enabling potassium to leave the myo 
fibnllae and enter the intercellular spaces, similar to the action of potassium 
reported by Duhfcre and Horton (3) and has been further supported by potassium 
determinations of Ouabain treated muscles by Cattell and Goodell (19) 

Potassium excess in Ringer's solution mimics the mexcitability curve of the 
digitalis glycosides and it was on this score that the present observations on the 
effect of temperature are of interest It is now demonstrated that the effect of 
potassium excels is not altered by tempeiature to an extent comparable to the 
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was observed that “when the concentration of K is raised to a value higher than 
about five times that normally present in Ringer’s solution, i.e., increased from 
8 mgm./lOO cc. to almost 40 mgm./lOO cc., a series of characteristic changes 
occur which closely resemble those observed following immersion in dilute oua- 
bain or digitoxin solutions.” The data presented in table 3 indicate the time 

TABLE 2 


Repeated exposure to digitoxin at different temperatures 


EXPERIMENT 

TIME IN MINUTES TOR 50 PER CENT REDUCTION IN TENSION rOltOhlNC 
REPEATED EXPOSURE TO 1:1,000,000 DIGITOXIN 

1st 

2nd 

3rd 

F 21 

121 (27)* 

140 (17)* 

80 (27)* 

F 52 

65 (27) 

83 (17) 

43 (27) 

F 54 

80 (26) 

120 (16) 

70 (2G) 

F 56 

125 (20) 

110 (10) 

65 (20) 

F 57f 

63 (20) 

53 (10) 

25 (20) 

F 58 

83 (24) 

150 (14) 

23 (24) 

Average . ... 

89.5 (24) 

109.3 (14) 

51 (24) 

Per cent . . . 

100 

122 

57 


* Temperature in degrees C. 
t 1:500,000 digitoxin. 


TABLE 3 


Repealed exposure to potassium at constant temperature 


EXPERIMENT 

POTASSIUM 

TIME IN MINUTES FOR 50 PER CENT REDUCTION IN TENSION JOUOtt 
INC REPEATED EXPOSURF TO POTASSIUM 

1st 

2nd 

3rd 



mgm per 100 cc 





B 3 

47.1 (6x) * 

28 

17 



B 5 

39.3 (5\) 

53 

40 



B 6 

39.3 (5\) 

72 

40 



F 44 

62.9 (8\) 

22 

10 

13 

10 

F 45 

62.9 ($x) 

19 

17 

14 

12 

F 49 

62.9 (S\) 

30 

10 

18 

C 

Average. 


37 

22 



Per cent. 


100 

59.3 




* Potassium concentration in multiples of that present in normal Ringer’s solution. 


required to elicit a 50 per cent reduction in muscle response (twitch tension) 
when the soluble sartorius prepaiation is repeatedly exposed to an excess o po 
tassium at a constant temperature (about 22-24 degrees C.). The average ( 
experiments) time for this reduction, following the second exposme, was a lou 
GO per cent of the control value. Table 4 consists of data indicating the c cc 
of temperature on the response of the sartorius to Ringer’s solution prepara ion 
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Feulgen and Voit (1) used the fuehsin sulfurous acid (ESA) 2 staining reaction 
to demonstrate the presence of tissue aldehydes to which they referred as “plas- 
mal.” The plasmal was liberated from a precursor called “plasmalogen,” either 
by the action of acids or by mercuric chloride. Platinic chloride, Verne (2), 
and gold chloride, Oster and Schlossmann (3), were also found capable of split- 
• ting the plasmalogen complex. Feulgen, Imhaeuser and Behrens (4) found 
that aldehydes obtained from horse muscle were a mixture of stearal and pal- 
mital and Feulgen and Bersin (5) showed them to be in an acetal-like eombina- 
tion with glycerophosphocholamine. Anchel and Waelseh (G) obtained alde- 
hydes of the higher fatty acids from a variety of tissues. Acetal phosphatidcs 
have been synthesized by Bersin, Moldtmann, Nafziger, Marchand and Leopold 
(7). Feulgen and Imhaeuser (8) and Feulgen and Gruenberg (9) adapted the 
FSA reagent in the quantitative colorimetric determination of plasmal in lipoid 
mixtures and in organs. 

The distribution of aldehydes in various tissues and their localization in the 
cells of different organs have been investigated by Imhaeuser (10), Verne (11), 
Becher (12) and Voss (13, 14). Stepp, Feulgen and Voit (15) described the 
occurrence of tissue aldehydes in protozoa, in several non-vertebrates and in 
the tissues of all vertebrates from fish to man. The intensity of the stain ob- 
tained by them with FSA varied in different organs and in different species. 
The lightest stain was found in sheep tissues. The intensity of the stain for 
human tissue was intermediate and the deepest stain was found in beef tissues. 
They concluded that herbivores must produce the aldehydes themselves since 
they did not find any in plants. In carnivores the plasmal content of the blood 
dropped from 24.6 mgm. per liter to 9.0 mgm. per liter, after a month on a meat 
free diet.. 

According to Feulgen, Imhaeuser and Westhus (10), ingested plasmalogen 
increased the aldehyde reaction in the senim, but ingested plasmal did not do so. 
Only that part of the ingested plasmal which escaped splitting by the hydro- 
chloride acid of the stomach participated in the subsequent plasmalogenemia. 
The aldehyde reaction in the serum was increased up to one hour after the 
intravenous administration of plasmalogen. Plasmal given intravenously did 
not influence the aldehyde content of the serum. 

It is the purpose of this report to show that an important detoxification 

i Upjohn Fellow, 1942-1913. 

5 SchifT’s reagent is very sensitive, but it is not specific for aldehydes, as it gives posi- 
tive results with certain ketones. 
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mechanism is the formation within the cell of a Schiff’s base, by the interaction 
between an amine and an aldehyde RxCHO + R* pheny 1-NH 2 — * RiCH — 
N-phenyl-R» The limits within which this reaction is possible in the tissues 
studied ha\c been delineated by the use of a large variety of amines It was 
shown by the use of the FSA reaction that both para-aminobenzoic acid and the 
sulfonamides will combine with tissue aldehydes It is suggested that this 
competition extends to bacterial substance as well, in which case the oxidation 
of the metabolically nece«sarv para-ammobenzoic acid may be interfered with 
by the sulfonamides and bactenostasis ensue Conversely, the bacteriostatic 
effects of the sulfonamides would be interfered with by an excess of para ammo 
benzoic acid 

Experimental Rats guinea pigs rabbits, cats and dogs Mere used in this study The 
liver and kidney tissues were obtained from normal animals after stunning by a blow on the 
head or while under ether or sodium pentobarbital anesthesia and subsequent bleeding 
Pieces of the tissues were put into saline and frozen sections, 50 micra in thickness were 
made within 2 to 3 hours after removal These were kept in normal saline until used Prior 
to staining with FSA the sections were placed in a 1 per cent solution of mercunc chloride for 
5 minutes, following which they were stained for 15 minutes in the FSA solution The 
stained sections were kept in a solution of 0 01 normal HC1 containing 1 per cent sodium 
bisulfite Immediately after the w ashing the sections were examtned grossly and through 
the microscope A positive reaction for aldehydes w as indicated by a purple color W hen 
sections were treated otherwise than as indicated above control sections from the same 
organ were run in parallel to the experimental strips except for the special procedure under 
consideration The purplish blue color which developed m the control sections by means 
of FSA was designated at 4 plus and the color of the experimental sections compared to it 
In this way a rough estimate could be made of the depth of color involved in each expert 
ment When kept in watery solution of SO* the stained sections retained their color for 
sev oral day 8 Permanent preparations of these stained sections cannot be obtained because 
the aldehyde fuchsme compound decomposes into acetaldehyde bisulfite and fuchsine sul 
furous acid with decolonzation of the sections 

Rlsuits A The staining reaction of tissue aldehydes u-ith fucksin sulfurous 
acid sohdion Sections of liver and kidney from 25 rats, 10 guinea pigs, 10 
rabbits, 10 cats and 4 dogs were examined In the liver, onlv the portal vessels 
and the central veins stained purple with FSA The parenchyma did not 
stain 

The kidney stained deeply, although the stain was not distributed uniformly 
The glomeruli stained lightly but definitely and consistently Only isolated 
tubules stained m the outer cortical region The deepest and most uniform 
staining was seen m the intermedullary zone and in the upper portion of the 
medulla The pelvic part of the medulla remained almost unstained so that 
on gross examination there was always evident a sharp demarkation m staining 
depth between the cortical and the pelvic part of the medulla Of all the 
species examined the rat kidney stained the least intensely This mav be con- 
nected with the fact that the rat kidney does not contain aminoxidase, Holtz, 
Heise, and Luedke (17) 

When brought into a dilute solution of NaOH, the purple stain of the sections 
changed to a dull yellow On re-acidification with HC1 the original purple 
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stain reappeared. This is in contrast to the usual staining with fuchsin in which 
alkali causes the deep red color of fuchsin to appear. The fuchsin-aldehyde 
combination which is formed as a quinonoid dye is stable and becomes yellow 
at an alkaline pH. 

B. The effect of various experimental procedures on the plasmalogen content 
of the tissues. The following experiments were performed in the hope of altering 
the renal function of the rat, in order to educe evidence of any correlation between 
renal activity and the distribution and depth of the F8A aldehyde stain in the 

• kidney. 

1. In order to increase the production of urine and thus influence the activity 
of the kidney, four rats were given 0.9 per cent saline as the sole source of fluid. 
At one and two week intervals on a voluntary' saline intake there was increased 
diuresis of between 25 and 50 per cent. The distribution pattern of the plasmal 
in the kidney remained indistinguishable from that of the control rats drinking 
water. 

2. Water was withheld for 5 days in a group of 4 rats during which period 
they lost 31 per cent of body weight. The kidneys lost proportionately in 
weight, yet no essential differences in the aldehyde staining pattern were ap- 
parent when compared to normal controls. 

3. Two rats were subjected to unilateral nephrectomy, following which they 
drank less than normally. Ten to 14 days postoperatively, when the fluid intake 
had returned to the pre-operative level, the rats were sacrificed and the remaining 
kidney was tested for aldehydes with FSA. Despite the fact that this kidney 
was 25 per cent heavier than the kidney which had been removed, it showed no 
changes in the aldehyde-fuchsin color pattern. 

4. The liver parenchyma did not react with FSA, showing that the liver 
cells do not contain an adequate concentration of aldehydes for the reaction. 
The absence of plasmalogen from the liver may be due to the presence of xan- 
thine oxidase in this organ, rendering metabolic aldehydes unstable and therefore 
not easily stored. To test this hypothesis we performed experiments with 
xanthine oxidase obtained from milk. 3 The xanthine oxidase was allowed to 
act upon rat and rabbit kidney tissue aldehydes liberated from plasmalogen 
by r prolonged incubation with dilute HC1. After incubation of the kidne.y 
sections in a solution of the enzyme for 18 hours, the sections no longer stained 
with FSA. The experiments were run at a pH between 6 and 7. Kidney sec- 
tions incubated with non-enzyme containing solutions of similar pH lost some 
of their aldehyde content, but not so completely' as after incubation with xan- 
thine oxidase. The enzyme was shown to have no effect on the plasmalogen 
concentration. The absence of aldehy'de from the liver may' be due to the 
destruction of aldehy'des by xanthine oxidase as soon as they' are formed and 
before they can be converted to plasmalogen. 

C. The tissue aldehyde-binding power for certain amines. Oster and Schloss- 
mann (3) and Oster (18) showed that sections of guinea pig kidney which were 
incubated with p-aminobenzoic acid no longer stained with FSA. The solutions 

s Through the courtesy of D. E. Green, Department of Biochemistry, Columbia Univer- 
sity, College of Physicians and Surgeons- 
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of p aminobenzoic acid were of sufficient acid it} to decompose the plasmalogen 
so that the liberated aldehydes could combine with the amine Smce amines 
do not combine with plasmalogen it is important to conv ert it to the free aldehyde 
when testing for aldeh} dc combinations with the amines Oatcr and Schloss- 
mann (3) failed to obtain destaming of kidnev sections b\ means of solutions 
of sulfanilamide This was because in neutral solution the plasmalogen was 
not decomposed to plasmal However, the present report shows that when the 
plasmalogen was first decomposed to plasmal b} means of acid, sulfanilamide 
was capable of combining with the free aldeh} des 
The kidnc} of the rat, guinea pig, rabbit, cat and dog was chosen as the 
test organ in the experiments which follow because it is rich m plasmalogen 
and because of the cose of sectioning in the frozen state The following technic 
was used Frozen sections of the Lidne} were made os already described Sev- 
eral sections were stained lmmediatel} with rSA and the color recorded for 
depth from plus to 4 plus The remaining sections were incubated for 18 hours 
at 37°C in a solution of 0 9 per cent NaCl containing N/20 HC1, in order to 
liberate the aldehydes from the plasmalogen linkage The aldeh} de containing 
sections were then washed m normal saline for 2 hours and transferred as needed 
to 10 cc portions of M/15 KH*PO« solution containing 10 mg of the amine 
to be tested The pH was determined b} means of the glass electrode and if 
necessary adjusted to a value of between 3 and 5 by the addition of ascorbic 
acid The ascorbic acid was found to have no influence on the development 
of the stain The aldehyde-amine combinations were incubated for 18 hours 
at 37°C, and the pH was again determined to insure that the solutions had 
remamed below pH 5 The sections were then stained with FSA The depth 
and distribution of the color which developed was compared with that of the 
control sections which had been incubated in parallel at a pH below 5 but 
without the addition of an} chemicals to the buffer The depth of stain of each 
control section was assigned an arbitrar} value of 4 plus and the color of amine 
incubated sections referred to it from 0 to 4 plus The results are reported in 
the appended table 

At a pH of 7 5 the liberated aldeh} des disappeared spontaneousl} , and their 
fate was unknown Apparentl} they did not revert to the original plasmalogen 
linkage because incubation with HgClj or N/100 solutions of HCl did not 
restore the original aldeh} de content However, after a short incubation in a 
N/l solution of HCI at G0°C the sections became stained Incubation of 
sections from the same kidney m buffer solutions of phosphate, bicarbonate or 
serum having a pH of 7 to 7 5 resulted in the disappearance of the aldehvdes 
It was concluded that the influence which caused this change was the pH, and 
not a more specific action of some particular buffer ion 

Table 1 summarizes the results obtained with various amines The results 
listed were obtained on the kidne}S of 15 rats, 8 guinea pigs, 8 rabbits, 10 cats 
and 4 dogs The experiment was performed on sections of kidne}s taken from 
3 different animals except for the dog where onl} 2 weie used In some cases 
the amine compounds themselves stained the sections from light to dark brown, 
but onlv in the case of o ammophenol, which stained the tissue dark brown was 
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there any serious interference in the determination of the depth of the purple 
color of the aldehyde reaction. Some of the compounds did not dissolve com- 


TABLE 1 

Depth of stain of kidney tissue with FSA after hydrolysis with 0 05N HClfor 18 hours at S7°C 
and subsequent incubation with each drug for 18 hours (pH S to S) 


\o 

COAJPOUND TESTED, 0 1 PEE CENT 

SPECIES OF ANlMAt 

■ so 



Rabbit 

Cat 

Dog 

1 

Solution at pH 4 3 

++++ 

++++ 

■ ++++ 

■++++ 

■++++ 

■ I 

2 

Solution at pH 7 4 

ri: 



± 

4- 

2 

3 

Aniline hydrochloride 

- 

- 

— 

— 

— 

3 

4 

o Aminophenol 

— 

— 

— 

— 

— 

4 

5 

m- Aminophenol 

— 

— 

— 

— 

— 

5 

6 

p-Aminophenol 

— 

- 

— 

— 

- 

6 

7 

Acetanilid 

++++ 

++++ 

++++ 

4d — b+ 

■++++ 

7 

8 

p-Aminoacetanilid 

— 

— 

— 

— 

— 

8 

9 

P'Toluidme 

— 

— 

— 

_ 

— 

9 

10 

o-Toluidinc 

— 

— 

— 

_ 

— 

10 

11 

m Toluidmc 

— 


— 

— 

- 

11 

12 

o Xitroamhne 

+d — I — b 

4+d — b 

++++ 

+4+4 

++++ 

12 

13 

m-Nitroanihne 

— 

+ 


zb 

zb 

13 

14 

p Nitroamhne 

+++ , 

4+ 

44 

+++ 

++ 

14 

15 

p-Aminoben?oic acid 


— 

— 

— 

— 

15 

16 

Sulfanilic acid 

— 

- 

— 

± 

— 

16 

17 

Arsamlic acid 

- 

— 

— 

+++ 

— 

17 

18 

Anthranilic acid 

— 


— , 

± 


18 

19 

Mapharsen 

- 

- 

- 

± 


19 

20 

Sulfanilamide 

— 1 

— 

— 

++ 

1 1 

20 

21 

Sulfathiazole 

± 

— 


++ 

+ 

21 

22 

Sulfapyndme 

+ 

+ 

+ 

+4+ 

! ++ 

22 

23 

2 Aminopyridine 

++++ 

++++ 

++++ 

+4+4 

! ++++ 

23 

24 

Procaine hjdrochlonde 

± 

+ 

+ 

++++ 

+ 

24 

25 

BenzyJamine 

+++ 

+++ 

++++ 

+444 

++++ 

25 

26 

d-l, alpha Phenylethj lamme 

+++ 


++++ 

++++ 

++++ 

26 

27 

d-1, beta-Phenylethylamine 

- 

- 

- 

- 

- 

27 

28 

Tjramine hydrochloride 

++++ 

++++ 

++++ 

++++ 

++++ 

28 

29 

Amphetamine sulfate 

++++ 

++++ 

++++ 

++++ 

++++ 

29 

30 

Ephednne sulfate 

++++ 

++++ 

++++ 

++++ 

+4+4 

30 

31 

Epinephrine tartrate 

++++ 

++++ 

4d — b4 

++++ 

+4+4 

31 

32 

Nnphthylamine 

- 

- 

- 

- 

— 

32 

33 

Isoamj lamme 

++++ 

4d — b4 

++++ 

++++ 

4+4+ 

33 

34 

Histamine phosphate 

++++ 

+ d — b + 

d — b + + 

++++• 

++++ 

34 

35 

Benzidine 

— 

— 

— 

± 

— 

35 

36 

Urea 

++++ 

++++ 

4444 ■ 

++++ ■ 

f+++ 

36 

37 

Phenylurea 

++++ 

++++ 

_bd — bd" ' 

++++■ 

p+++ 

37 

3S 

Amino acids 

+ 4+4 

d — bd — b 

+444 • 

++++■ 

++++ 

38 

39 

Ascorbic acid 

++++ 

++++ 

+ 44+ ■ 

++++ ■ 

p+++ 

39 


pletely in the buffer solution In spite of that they combined readily with the 
tissue aldehydes. None of the compounds tested gave color reactions with FSA 
or interfered wdth the aldehyde color once it was established. 
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Close sciutiny of the table reveals the following facts: 

a. Compounds with a primary amino group on the benzene ring combined 
with the tissue aldehydes as judged by the lack of staining with PSA. These 
include the stereoisomers of aminophcnol, of aminobenzoic acid, and of toluidine. 
The stereoisomers of nitro-aniline did not behave uniformly. Ortho- and para- 
nitro-aniline failed to fix the aldehydes while with meta-nitro-aniline no staining 
was obtained. 

b. Benzyl compounds with an amino group on a side chain, aliphatic amines 
and aliphatic amides did not foim combinations with the tissue aldehydes which 
weie stable under the influence of the acidity of the FSA reagent, with one ex- 
ception. Beta-phcnvlethylamine fixed the tissue aldehydes so that they no 
longer stained with FSA, while the alpha-phcnylethylamine homologue did not. 

c. Incubation with acetaniiid which has a secondary amino group, did not 
prevent staining with FSA. 

d. A mixture of amino acids obtained from a casein hydrolysate 4 when in- 
cubated with the sections did not abolish the staining reaction with FSA. 

e. Miscellaneous compounds such as histamine and 2-aminopyi idinc did not 
influence the staining of the tissue sections. 

In general, the tissues of the 5 species of animals which were examined reacted 
similarly to incubation' with the various amines listed in the table. There 
were slight (1 plus) quantitative differences in the staining but these were con- 
sidered a? insignificant. The cat kidney stained differently than did the kidneys 
of the other species, to arsanilic acid and to procaine hydiochloride. The reason 
for these differences is not clear but it may be that the cat kidney contains 
aldehydes which differ chemically from aldehydes found in the kidneys of other 
animals. 

Discussion. The failure of tissue aldehydes to stain with FSA following 
incubation with certain amines may be explained by the formation oi ScJiiff’s 
bases. In order that the aldehydes may react with FSA it is necessary to 
liberate them from their “plasmalogen” linkage, in which form they occur 
in the tissues. One of these linkages is an acetal (5) and most of the aldehydes 
are of the higher fatty series (4). If it is assumed that at any given moment 
in the metabolism of acids aldehydes are formed then these aldehydes could 
combine with endogenous or administered amines by foiming Schiff’s bases. 
In this way cellular metabolism would be deranged and the pharmacological 
effect of the specific drug would become manifest. The aldehyde-amine reaction 
was carried on at a pH of from 2 to 5, because the acid or HgCb liberated alde- 
hydes disappear spontaneously upon incubation at a pH above 7. This docs 
not mean that the Schiff’s base docs not take place at a physiologic pH, for one 
of the mechanisms for the disappearance of aldehydes at a neutral pH may be 
the formation of a Scliiff base between the tissue aldehydes and endogenous 
amines. Indeed Schocpf et al. (18) have shown that the rate of formation of a 
Sehiff’s base between dihydroxyphenylethvlamine and dihvclroxyphenylacetalde- 
hyde is increased markedly as the pH increased from acid to neutral. One 


4 Mead and Johnson. 
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possibility for the antiseptic action of tlie sulfonamides is the formation of a 
Schiff’s base with the aldehydes of the bacteria, thus interfering with the adequate 
metabolism of fats. This hypothesis received support from the well known 
antagonism between p-amino benzoic acid and the antiseptic action of the 
sulfonamides (19). It seemed possible that the sulfonamides (or other amines) 
should compete with p-aminobenzoic acid for some “acceptor” substance and 
that this acceptor substance should be an aldehyde. The conversion of aldehyde 
to pasmalogen by the normal cell raai' be a protective mechanism against the 
formation of Schiff’s base with amines and this may not be the case for certain 
bacteria. 

STJMMAItY 

1. The staining reaction for aldehydes with fuchsin sulfurous acid is de- 
scribed for liver and kidney tissues of 5 species of animals. 

2. The formation of condensation products (Schifif’s base) between tissue alde- 
hydes and various amines and the influence of hydrogen ion concentration is 
described. 

3. The significance of the formation of Schiff’s base as a detoxification mecha- 
nism and the interference of p-amino benzoic acid with the antiseptic powers of 
the sulfonamides is discussed. 
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The comparative anesthetic potency and acute toxicity of a series of saturated 
and unsaturated mono halogenated hydrocarbons have been the subject of an 
e\tensive investigation (1-8) In vitro chemical studies (9 13) and in mo 
hidrolysis experiments (14) indicate that the mono halogenated olefins aie more 
stable than the mono halogenated paraffins Since it seemed improbable that 
tissue damage is caused by the tn mvo liberation of the acid halide in the case of 
eithei the satuiated or unsaturated compounds (14), chronic and delated tox 
icitv studies were instituted on a series of saturated and unsaturated mono 
halogenated hydrocaibons and some of their more piobable hydiolvtic products 
Simple h\ droly sis of the 2 ty pes of compounds could concen ably proceed by 
the following pathways 
a) Saturated compounds 


H H 

I I 

R — C — C — -X 
H 

b) Unsaturatcd compounds 
1 halo 


H H 

11,0 . HX + R — C — C — OH 

I I 
H H 


R — C=C — X 

I I 

H H 


H-0 


on 

I 

R— CH,— C— X 

I 

II 


HX + 


H 


2 halo 


R— C=CHi 

I 

X 


h,o 


OH "j 
1— C— CH, 

X J 


R — CH=C— OH ZZ 

HX + 

OH 

I 

R — C=CH 2 


0 

II 

R— CH,— C— II 


0 

R— C-CII, 


X = halogen atom (chlorine or bromine) 
R — carbon chain 
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It has been suggested (8) that the enol foim of ketones and aldehydes might be 
sufficiently reactive at sites of production in the body so that combination with 
enzymes or other reactive molecules might result in tissue damage. 

Experimental Three types of experiments were performed, viz., rat inhalation, rat 
injection and mouse inhalation. 

Rat inhalation Four adult white rats (Sprague-Daw ley Strain) were exposed by the 
Fuhner method (15) 30 minutes daily for one xxeek, to anesthetic vapor concentrations in 
oxygen which had previously been shown to be anesthetic for white mice (2) (see tabic 1). 
At the end of the xxeek, 8 hours after the last anesthetic administration, all animals were 
killed vis ad capitem, and samples of the liver and lungs removed for histo-pathologic 
examination 

Rat injection Five adult lats (Sprague-Daw ley Strain) were injected subcutaneously 
on a per kilo body weight basis w ith varying amounts of the agents in olive oil (see table 1). 
The quantity of agent used was that which had previously been found to be anesthetic 


TABLE 1 

Compounds used in white rats 


COMPOUND 

INHALATION EXPOSURE 
CONCENTRATION 

INJECTION SUBCUTANEOUS DOSACF 


mil n 

cc /kg tnO S cc /kg oltvc oil 

1 chloro propane 

1.7 

0.140 

2 chloro propane 

3.0 


1 chloro propene 

2.2 

0.183 

2 chloro propene 

2.5 

0.209 

1 bromo propane 

0.8 

0.072 

2 bromo propane 

1.4 


1 bromo propene 

1.1 

0.074 

2 bromo propene 

1 2 

0.086 

propionaldehyde 


0.215 

iso-propyl alcohol 


0.233 

n-propyl alcohol 


0.230 


in 1 1 of oxygen when in vapor form In addition 3 of the possible products of hydrolysis 
propionaldehyde, iso-propyl alcohol and n-propyd alcohol were dissolved in olive oil and 
injected subcutaneously in other animals The quantity of each hydrolysis product to be 
injected xxas calculated from the maximum amount of each which could be released by 
complete hydrolysis of 3 mM of 2-chloro-propane, one of the less potent anesthetic agents 
of the group Three rats xxere killed at the end of one week, S— 12 hours after the last in- 
jection The remaining 2 received no further injections and were killed 1 week later 
Samples of liver were taken for histo-pathologic examination 

Mouse inhalation In the third type of experiment 2-4 white mice (mixed strains) were 
anesthetized once for 30 minutes, with the exception of those exposed to broino-cthane 
which were anesthetized for 00 minutes The compounds mxestigated and concentrations 
in mAI /I of oxy gen employed in this experiment were bromo-ethane.O 75,bromo-cthcne, 
2 0, 1-bromo-propane, 0 5, 1-bromo-propene, 1 0, l-bromo-2-methyl propane, 0 5, 1-broino- 
2-methyl propene, 0 75, 1-bromo n-butane, 0 25 and 1-bronio-butenc-l , 0 25 and 0 a Sam- 
ples of "heart, liver and kidney were taken for lnsto-pathologic examination 

Tissues were fixed in either formaldehyde 10% or in llellex 's solution Routine paraffin 
sections were stained with hematoxylin and cosin. 
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Results. The incidence of histo-pathologicnl findings for the inhalation 
experiments in white rats are indicated in figure 1 and for the injection experi- 
ments in figure 2 


LuLu 

LIVER 


1 — 1 














. j i ; ! i ! I ( ! i ; : :i | 2 bromo propene 



number of animals 


number of animals 
I I Ho injury 

('■• S3»3Ueht" alveolar hemorrhage 
E222' T Moderate" alveolar hemorrhage 
■■'’Much" alveolar hemorrhage 
Fig. 1. Incidence of Histotoxic Effects in White Hats Due to Daily Inhalation 
of Certain Halogen vted Hydrocarbons for One Week 


» -1 Ho injury 

li- r -Lii] Parenchymatous degeneration 
■H Focal necrosis 


3 proplonaldehyde 
] iso-propyl alcohol 
3n-propyl alcohol 
3i chloro propane 
1 1 chloro propenc 
I 2 chloro propene 
1 bromo propane 


■•iiTTill i bromo propene 
2 bromo propene 


Ho. of Animals 


l. — 1 Ho injury 

emu "Slight" parenchymatous degeneration 


■H "Ihich" parenchymatous degeneration 

Fio. 2. Incidence of Hefatotoxic Effects in White Rats Injected for One Week 
with IIalogenateu Hydrocarbons and Certain Hydrolysis Products 


Hat inhalation experiments. All of the compounds produced some lung injury 
which i\as indicated by intra-alveolar hemorrhage. Only 2-chloro-propenc, 
1-bromo-propano and 2-bromo-propane produced “moderate” to “considerable” 
hemorrhage in 2 or 3 out of 4 rats; 1-chloro-propcnc and 2-bromo-propenc were 
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definitely injurious in 1 out of 4 animals. Significant liver damage resulted 
from the action of 1- and 2-chloro-propane, 1-ehloro-propcne, and 3-bromo- 
propene in 1 or 2 out of 4 rats. 

Rat injection experiments. In animals killed at the end of the first week, 
considerable parenchymatous degeneration was observed in the livers of all 
receiving: 1 -chloro-propene, 2-chloro-propene and 2-bromo-propene, while it 
was pre=ent in 2 of 3 receiving 1-bromo-propeno. Animals receiving the other 
compounds of the series either showed slight parenchymatous degeneration or 
no injury attributable to the agents. All of the animals which were allowed to 
survive two weeks showed slight to well established parenchymatous degeneration 
and one receiving n-propyl alcohol showed focal necrosis. 

Mouse inhalation experiments. Marked histo-toxic effects were observable 
from all compounds studied. Advanced degenerative changes were present 
in the liver and kidneys of virtually all animals. At least one animal of each 
group showed marked and extensive necrosis of the liver. In addition, bromo- 
ethene and 1-bromo-propene produced widespread renal tubular necrosis. The 
myocardium of all animals showed parenchymatous degeneration. 

Discussion. With the small groups of animals employed it is difficult to 
make any definite biochemorphic generalizations with respect to tissue damaging 
properties. There is some indication from the rat inhalntion experiments that 
unsaturation tends to facilitate irritation of lung epithelium. Observations 
(10) on dogs and rabbits which were anesthetized with the 1- and 2-bromo 
and 1- and 2-cldoro-propenes support, this finding in that there was excessive 
mucous secretion during the anesthetic period and in that respiratory difficulty 
was sometimes seen for a few hours after the anesthesia had been terminated. 
Other compounds in the series could be considered as having irritant potential- 
ities if employed in concentrations approaching the lethal range. These findings 
confirm those of Marsh (8, 17) with respect to the lung injury which he observed 
in mice repeatedly anesthetized with 3 and 2-bromo-propene. 

Inhalation experiments with rats indicate that the 1 and 2 chloro-propancs 
and 3 -chloro-propene possess greater potentialities for producing hepatic jnjury 
than the brominated propanes or propones. Since parenchymatous degeneration 
is indicative of only mild injury and is reversible, the results from the injection 
experiments might lead to the conclusion that these compounds are not signi- 
ficantly hepatotoxic. However, these animals, though they received daily 
injections of the total anesthetic amount of each agent, may not have absorbed 
sufficient quantities from the subcutaneously placed oil depot to cause hepatic 
injury. This would be in keeping with the findings that the pharmacological 
activity of fat soluble substances is reduced by dissolving them in oil (18). 
However, it does not necessarily follow that the chronic toxicity of a given 
agent would be reduced by this method of administration, unless the rate of 
detoxication exceeded the rate of absorption in this series, since some of the 
same compounds when administered by inhalation caused significant hepatic 
injury. 
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The delayed toxic effect 5 ? observable in white mice killed 24 and 48 hours after 
single anesthetic periods of 30-G0 minutes indicate that this species is more 
susceptible to the hepatotoxic action of these compounds than is the white rat. 
In addition, these agent*? are all renotoxic in the white mouse. 

SUMMARY AND CONCLUSIONS 

1. The 1- and 2-cliloro-propencs and 1- and 2-bromo-propencs and 1-bromo- 
propane are markedly irritant to rat lung epithelium. The 1- and 2-chloro- 
propanes and 2-bromo- propane are slightly irritant when employed in anesthetic 
concentrations used in these experiments. 

2. The«e anesthetic concentrations of 1-chloio-propane, 2-chloro-propane, 
t-chloro-propene and 1-bromo-propanc produced significant hepatic injury. 
None of the other compounds investigated were significantly hepatotoxic when 
administered by inhalation to white rats 

3. In the subcutaneous dosages employed, none of the agents were signi- 
ficantly hepatotoxic to w liitc rats. Reasons foi the differences in results betw een 
inhalation and injection experiments are discussed. 

4 Both the satuuted and unsaturated mono-bromo compounds in the scries 
bromo-ethanc and ethene to 1-bromo-butene-l and 1-bromo n-butanc produced 
se\ere renal and hepatic injury in the white mouse 
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Additional investigations of tlie pharmacology and toxicology of atabrine are 
needed because of its widespread use and known accumulation in the animal 
organism (1, 2, 3). An objective method for determining, quantitatively, the 
onset and course of toxic reactions to the drug is highly desirable. Consequently, 
we have studied the effects produced by large oral doses of atabrine upon the 
gastro-intestinal tract and the liver of the rat in the hope of establishing a 
reflection of these effects in the blood chemistry data. Conditions of fasting and 
protein deprivation (4, 5) have been shown to augment the liver damage produced 
by chloroform, and repeated doses of atabrine are known to produce liver necrosis 
(6). It appeared that inanition might yield a similar increase in the damage 
produced by atabrine. The drug was, therefore, administered to animals in 
varying degrees of inanition as described in the experimental part. 

Experimental. Albino rats of the Wistar strain, weighing between 150 and 250 grams, 
and maintained on a stock diet were used. A dose of atabrine equivalent to 00 per cent of 
the L.D. 50 (450 mgs. per kg. body weight) was given by stomach tube to 4 groups of rats in 
various states of nutrition as follows: 

Group 1 — 50 rats, without prior fasting. Animals were then taken off diet. Rats were 
sacrificed 24 and 48 hours after dosing and blood samples were taken for analytical purposes. 
None of the animals died as a result of the administration of the drug. 

Group 2 — 81 rats, after fasting over night. Eighteen, or 22 per cent, of the rats died an 
acute, convulsive death within 30 to 60 minutes after the administration of the drug. Sur- 
viving animalB were continued off diet, and groups of rats were sacrificed 2, 6,24 and 4S hours 
after dosing and blood samples were taken. 

Group 3 — 75 rats, after fasting for 36 hours. Within 30 to 60 minutes, 36, or 4S%, of the 
animals died acutely. Surviving animals, maintained off diet, were sacrificed for blood 
samples 2, 6, 24 and 48 hours after dosing. 

Group 4 — 18 rats which had been maintained for several weeks on a low-protein diet’ 
were dosed orally after a fast of 36 hours. Of these animals 28, or5S%, died acutely. Blood 
samples were taken from surviving animals 24 and 48 hours after dosing. 

Group 5 — To determine whether similar results were obtained at lower dose levels of the 
drug, a fifth group of stock animals was given 18 mgs. of atabrine per 100 grams body weight 
(20% of the L.D. 50) by stomach tube after an over-night fast. None of the animals died. 

All animals, deprived of food throughout the test period, were sacrificed by decapitation 
and blood samples were collected. Oxalated plasma was used for the determination of 
bicarbonate (7), chloride (8), fibrinogen (9), and prothrombin time (10b Serum sample s 

1 This low-protein diet had the following composition: vitamin-low casein, 6; dextrose, 
7S; crisco, 8; corn oil, 1 ; dried, whole beef liver, 1 ; salt mixture, U .S.P. #11.4; and cod liver 
oil, 2%. A supplement containing 80 mgs. each of thiamine, riboflavin and pyridoxine, $00 
mgs, each of nicotinic acid and calcium pantothenate and 10 grams of choline chloride, all 
dissolved in 500 cc. of 20% alcohol was added to 10 kgm. of diet. 
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were analysed for total protein by the falling drop (11) and the micro kjeldahl methods 
(12) Determinations of bilirubm (i3) and the icteric index (14) were also performed, but 
these fell within the normal range and arc therefore omitted from subsequent tabulations 
Urinary urobilin determinations were performed according to the method of Watson (15) 
When no fecal contamination of the sample occurred, no increase in the urinary urobilin 
was observ ed ^ aluc3 obtained are not recorded 

The severe dchy drntion produced m these animals reduced the volume of blood obtained 
from each rat to 2 to 3 cc Consequently it was not possible to perform alj analyses on a 
single sample of blood Wc have not pooled blood samples but have preferred to perform 
as many different determinations as possible on a single Bample and have tried to use 5 or 
more samples for the determination of each blood constituent at each time intcrv al but this 
was not possible in all casc3 Control series of animals were sacrificed under conditions 
comparable to those imposed on the test animals 

resui/ts 

The deaths pioduced acuteh in the animals included in the first four groups 
appear to be lelitcd to the dietary history of the animals They cannot be e\ 
plained simplv b\ an increased rate of absorption of the drug since the stomach 
and small intestine of the rat arc essentially cleared of food by an o\ cr night 
fast Only 22 pei cent of the animals were hilled by the drug after an ov er night 
fast but 48 per cent died after a 30 hour fast, and 58 per cent of the low protein 
animals died after a 30 hour fast While no significance is placed m differences 
of 10 per cent the trend from 22 to 58 per cent appears real 

At post mortem examination all animals showed markedly distended, fluid 
filled gastro intestinal tracts * The distention appeared most marked m the rats 
sacrificed 0 and 24 hours after the administration of the drug, but the distention 
w as se\ ere in those animals sacrificed 2 and 48 hours after do=ing The contents 
of the small intestine appeared serous in nature and were tinged with blood in 5 
to 10 per cent of the animals All animals w hicli sun i\ ed for more than one 
hour after do mg showed e\ idences of diarrhea All animals sacrificed 48 hours 
after dosing exhibited porph\ rin encrusted whiskers This may be taken to 
indicate dehydration (1G) 

Of the rats m gioup 5 nameh , those animals receiving the smaller dose of the 
drug 10 rats sail diced 2 hours aftci the administration of the drug showed a 
rather marked distention of the gastio intestinal tract Seven of the 10 rats 
presented e\ idences of dial rhea and a marked congestion of the small intestine 
was noted in one lat Similar but less marked signs were observed in the rats 
sacrificed at the 0 hour intcrv al while those sacrificed 24 hours after the adminis 
tration of the drug showed no signs of dianhea or distention 
The analytical data recorded in table 1 include onlv the values obtained in 
the dcteimmation of the blood bicaibonate, chloride and serum protein These 
data indicate th it a severe dehvdration was produced within 2 hours after the 
oral administration of the atabnne The serum protein v alues highest 2 hours 
after doling begin to fall at t> hours and tended to return to noimal at 24 hours 
after doling V. sev ere acidosis was also pioduced in these animals The initial 

* Large oral do«es of tl e drug also produce sev ere distension of tl e intestinal tract of the 
rabbit 
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TABLE 1 


Rat blood analyses 


TIME AFTER 

BICARBONATE (VOLS, 

7<) 

j CnLOSIDE {uc. % AS Cl) 

SFRUM PROTEIN (GRAMS 

DOSING 







Group 

Group ! 











3 

* j 




hrs. 












2 


51.1 

53.0 

30.5 


391 

407 

375 


9.2 

8.2 



50.4 

40.8 

30.3 


384 

397 

305 


S.2 

S.O 



47.0 

32. S 

29.0 


mm 

i 391 

300 


S.2 

8.0 



35.8 

31.0 

28.0 


372 

37S 

300 


7.8 

7.8 

■ 


33.9 




371 





7.0 

G 


35.0 

34.2 



433 

397 


j 

7.4 

7.8 



34.8 

32.8 



427 

397 



7.2 

7.4 



33.7 

25.7 



415 

300 



7.0 

7.1 



32.4 

25.7 



392 

353 



G.8 

0.8 



20.3 




372 




0.2 








300 












355 






21 

, G1.9 

55.8 

54.8 

46.4 

379 

353 

373 

354 

7.4 

7.1 

6.7 


1 59.5 

51. G 

[ 54.0 

41.9 

371 

349 

300 

310 

0.2 

7.0 

0.5 


[ 58.4 

51.2 

45.5 

38.2 

30S 

347 

304 

305 

0.2 j 

G.S 

0.3 



E3E9 


1 

3GS 

337 



6.0 

G.O 



H13 

49.8 



307 

i 335 



G.O 

0.4 



52.8 




300 

332 




6.2 



50.4 




300 




I 

0.0 



50.4 




353 








40. 0 








1 



Control 

50.8 


53.9 

45.3 

387 

I 


375 

0.0 


5.9 

data 

48.5 ! 


49.7 

44.5 

373 



300 

5.8 


5.8 


40. 4 ! 



38.9 

370 



354 

5.0 


5.7 






3CG 







48 

53.4 




359 



354 

0.4 




52.3 




357 



348 

0.4 1 




50.9 




354 



348 





60.0 




348 



342 

5.9 




49.3 







334 

5.8 




49.2 

1 

■ 

: 




323 

5.5 




40.5 












40.2 












42.0 











Control 

50.8 




38-1 

! 

| 

3S1 ! 

5.9 



data 

iKiSU 




378 



375 

. 5.9 




49. S 




307 



1 300 

5.8 

1 

1 


47.5 







359 

5.8 








j 3G5 

1 


350 



















TOMCin OF XrVBIUNL 


147 


hcmoconcentration, lesulhng from the flow of fluids into the intestinal tract, was 
accompanied by lo^s of blood base The plasma bicirbonatc began to fall 2 
hours after dosing It reached a minimum at 0 hours and tended to letum to 
normal 24 hours after the administration of the drug The di vrrhea, pi oduced by 
the drug, appears to account for this loss of bicarbonate Although the loss of 
base in water} stools is in excess of the chlondc loss, thcie is usu illy a severe loss 
in blood chlorides as well This is not evident in the plasma chloride values 
obtained at the 2 and C hour intervals because the hcmoconcentration produced 
values that appear normal, or even elevated The real chloride deficit tends to 
become apparent m the lowered values obtained 24 and 48 hours after the 
administration of the drug when the blood volumes returned to normal values 
This delayed drop in plasma chlondc is not a result of starvation 

TABLE 2 


Blood analyses following the oral administration of ISmgs of atabnne per 100 gr bod j weight 
to over ntght fasted rats 


TIME Am* DOSING 

BICASBONATE 

CHLORIDE 

MOTEIV 


* 0/1 % 

mv % 

grams % 

2 

37 5 

394 

7 9 


35 3 

3SS 

7 0 


31 7 

397 

7 8 


20 9 

36S 

7 7 




7 5 

6 

49 4 

384 

7 4 


46 2 

374 

7 4 


46 1 

374 

7 2 


44 5 

374 

6 5 


39 7 

371 

6 2 

24 

46 9 

352 

6 6 


45 1 

352 

6 2 


44 1 

350 

6 2 


43 5 

332 

6 0 


The conti ol data included in table 1 indicate that starvation did not produce a 
bicarbonate deficit m the animals of groups 1, 2 and 3, but i deficit was pi oduced 
m the animals of group 4, and upon administration of atabnne these animals 
developed a severe bicarbonate deficiency moie rapidly and the mortality was 
greater than that observed in the animals of the first 3 groups 
The analytical data shown m table 2 were obtained with the animals of group 
5, and are similar to those presented m tabic 1 
r lhe tissues of the first four groups of animals wcic examined by Dr Henry 
Siegel who will present, el&ewhere, his findings on the pathology pt oduced by 
atabnne Evidences of severe liver necrosis were found in all of the animals 
rccen ing this large dose of the drag (50 per cent of the L D 50) In v icw of the 
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liver damage observed, it was of interest to determine if this damage was reflected 
in the chemical findings 

Table 3 includes the results of the bromsulfalein (17), prothrombin, and 
prothrombin determinations. These determinations were performed 24 and 48 
hours after the administration of the drug, at which time the blood electrolyte 
picture had returned essentially to normal levels Comparison with the control 
data indicates an increased retention of bromsulfalein in all test animals. The 
higher retention in the animals of groups 3 and 4, as compaied with those in 
groups 1 and 2, indicates a greater impairment of liver function among the fasted 


TABLE 3 

Tests following a single dose {60% L D. 60) of atabnne in the rat 


DA\S AFTER 

BKOySUT-FALEIN RETENTION) 

nnat.NQGEV (ucs %) 

| PROTHROMBIN TIME (SECOVpS) 

tfOSISO 

Group 

1 

Group 

2 

Group 

Group 

4 

Group 

1 

Group 

2 

Group 

3 

Group 

4 

Group 

1 

Group 

2 

Group 

3 

GrouP 

4 

1 

45 

42 

GO 

05 

405 

382 

278 

402 

20 0 

29 6 

28 3 

30 


37 

37 

55 

55 

33S 

3S0 

244 

3S0 

17 7 

22 6 

27 4 

20 


27 

32 

50 

55 

330 

325 


270 

17 0 

20 S 


20 6 


27 

30 

47 

55 

314 

310 



16 6 

20 2 




25 



45 









2 

32 

40 

45 i 

40 

393 

367 

390 

626 

42 1 

4S 4 

45 4 

48 8 


30 

30 

42 

37 

322 

390 

320 

416 

34 S 

27 0 

26 4 

40 0 


30 : 

30 

40 

35 

275 

348 



19 4 

25 8 , 

25 8 

34 2 

; 

30 

30 

35 1 

35 

105 

319 



17 7 

17 8 

23 7 

30 4 


25 



35 







23 3 

20 0 

Control 

17 

10 

20 

20 

219 

172 

193 

332 

10 0 

20 0 

21 S 

15 S 

animals 

16 

10 

19 

j 20 

2 ig 

157 

157 

271 

15 6 

19 8 

20 2 

15 6 

(not 

15 

1 12 

15 

1 17 

172 



203 

14 7 

19 2 

19 8 

15 4 

dosed) 

15 


15 

17 

147 



106 

14 0 


19 0 

14.8 

1 

13 



15 


; 




• 



2 

19 

25 

17 

20 

203 

178 

150 

312 

17 4 

18 5 

20 4 

19 5 


17 

18 

10 

17 

192 

164 

145 


15 0 

17 0 

20 1 

18 8 


17 

20 

15 

17 

144 

185 




16 7 

19 3 

16 4 


15 


13 

15 

114 









13 



12 










animals This result is in agreement with the extensive obsenations reported 
by Wlupple (4), Ravdin (5), and their co-uoikers The prothrombin time in 
the test animals is somewhat greater than m the control animals, but the differ- 
ences are not great and there seem to be no significant differences between the 
four groups of test animals Plasma fibrinogen values are increased in all test 
animals 3 Eie\ ated fibnnogen values, w hich are usually associated w ith inflam- 
mation and tissue destruction, appear to be a sensitive indicator of atabrinc 
toxicity and w ill be discussed more fully in the follow mg paper 

> Large single doses of the drug also produce increased plasma fibrinogen lc\cls in the 
dog. 
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No attempt w as made to correlate the above findings w ith blood concentrations 
of the drug since it w as show n (18) that, at these high dose lc\ els, the w hole blood 
concentrations of “total” atabnne were notably constant and bore no appaient 
relationship to the dose administered High concentrations of the drug were 
found, however, in the liver (19) These observations, together with findings 
on the distribution and excretion of the drug suggested that the drug is deposited 
in the tissues and is slowlj liberated, thereby maintaining a rather constant blood 
concentration of the drug and its metabolites (20) 

SUMMARY XND CONCLUSIONS 

The mortality of a single do^e of atabrmc (equivalent to 50% of the L D 50) 
was increased in the mt fiom 0 to 48% b> causing the animals to fast for increas- 
ing lengtlis of time 

This do»e of the drug cau c ei> a severe irntation of the gastro intestinal tract 
resulting in a flow of fluid into the stomach and intestines The distention is 
followed bv diairhea There is a maihed hemo concentration, a loss of blood 
chlondes and a severe loss of blood bicarbonates Simdai results were obtained 
with a smaller dose of the drug (20% of the LD 50) 

The larger dose of the drug produced a severe liver necrosis As judged by 
the retention of bromsulfalem and prolongation of the prothrombin time, inhibi 
tion of liver function was produced bj the drug and this inhibition was mci eased 
b> fasting Plasma fibnnogen concentrations were increased apprcciablv bj the 
administration of atabnne 
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Continuing our investigations into the nature of the toxic reactions produced 
by atabrine we have studied the influence of the diet upon the effects produced by 
repeated doses of the drug. 


part i 

Experiments with rats. Two groups of albino rats of the Wistar strain were used as 
follows: One group was maintained on a low-protein diet (Diet #A8) for seven weeks and 
the other group was maintained on a high-protein diet (#A30). When the weights of the 
animals in these two groups were widely different — 100 to ICO grams for the low-protein 
group, and 200 to 300 grams for the high-protein group — the animals were subdivided into 
four groups. The low-protein animals were transferred to diets #37 and #39. Both of 
these diets were low in protein (4%) but diet #37 contained only 2% fat whereas diet #39 
contained 47% fat. The high-protein animals were transferred to diets #3S and #40. 
Both of these diets were high in protein (45%) but diet # 38 contained only 2% fat whereas 
diet #40 contained 47% fat (the composition of all the diets and supplements are Bhown in 
table 1). 

After a two to three week period of equilibration on these diets, five animals from each 
group were sacrificed for control purposes. As additional controls, five animals, main- 
tained throughout the experiment, were sacrificed at the end of the experiment. The 
remaining animals (about 15 in each group) were then given oral doses of atabrine (4.5 mgm. 
per 100 gr. body weight) by stomach tube each day, six days of each week. Three, seven and 
twenty-four days after the dosing was begun, five animals from each group were sacrificed. 

Individual blood samples, taken when the animals were sacrificed, were analysed for 
fibrinogen (1), prothrombin (2), icteric index (3), bilirubin (4), and occasionally for serum 
protein (5), and plasma bicarbonate (6). Bromsulfalein tests (7) were also performed. 
Icteric index and bilirubin determinations were consistently negative and are therefore 
omitted from subsequent tabulations. In general, five rats were used from each group at 
each time interval and each analysis was performed on samples from individual rats. 

Results. The data, shown in table 2, indicate anomalous results with the 
bromsulfalein test. In the preceding paper it was shown that control rats main- 
tained on the stock ration retained 12 to 25 per cent of the bromsulfalein under 
the test conditions. This is higher than the values previously reported (7). 
The control data included in the present table 2 average from 17 to 43 per cent. 
It appears from these latter results that bromsulfalein retention in the rat is 
influenced by the dietary history of the animal and although an increased reten- 
tion of the dye was observed when rats were given single, large doses of the ding 
(see Part I), no significant increase or trend is apparent in the data obtained in 
the present, chronic experiments. 

As noted in the preceding article, determinations of the icteric index and 
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bilirubin gave negative results Nor does the prothrombin time appear to be a 
sensitiv e indicator of impaired liver function since onlv after prolonged adminis 
tration of the drug did the prothrombin time tend to be increased These 
slightly elevated values w ere observ ed onlj among those animals maintained on 
diets #39 and 40 The plasma fibrinogen values however, were increased bv 
as few as three dailj doses Following a drop in these levels, the plasma fibrin 
ogen levels were increased as the animals on diets #37, #39, and #40 were 
continued on test This was not equally true of the animals maintained on diet 
#38 In this group the fibrinogen values were increased in 2 animals after 3 
doses of the drug, but in all the rest of the animals the levels were not greatlj 
elevated as compared to the control values nor did the fibrinogen levels increase 
significantly as the animals were continued on test 


TABLE 1 
Diets used 



■AT DIETS* 

DOG DlEtf 
LOW MOIEIN 

AS 

1 A30 

31 

38 

39 

40 


*a 

1 

q, 

% 


% 


Casern (vitamin low ) 

6 

30 

4 

45 

4 

45 

3 

Dextrose 

78 

54 

83 1 

47 

43 

2 

6G 

Cnseo 

8 

8 

0 

0 

45 

45 

25 

Corn oil 

1 

i 1 

2 

2 

2 



Dried liver (w hole beef) 

1 

i 

2 

2 

2 

2 ; 


Salt mixture #11 

4 

4 

4 

4 

4 

4 

4 









Cod liver oil 

2 

2 





l 2 


‘Supplement #11 containing 80 mgm each of thiamine riboflavin and p>nd ovine* 
800 mgm each of nicotinic acid and calcium pantothenate and 10 grams of choline dis 
Bolved in 800 cc of 50% alcohol was added to 10 kgm of each diet used Animals main 
tamed on diets 37 38 39 and 40 were each given a drop of percomorph per week 

t Addendum #31— 10 mgm each of Bi Bj Bi and 1 gram each of nicotinamide inositol 
calcium pantothenate and 10 gr choline chloride dissolved in 500 cc of 50% eth>l alcohol 
added to 10 kgm of diet 0 5 cc percoraorph tw o times weekly 

As judged bj body weight, activity and condition of the pelage all contiol 
animals appeared in good condition although the pelage of those animals mam 
tamed on the high fat diets was somewhat greasy in appearance Diet #39 
was ketogemc and diet # 40 was slightly so Those animals which receiv ed the 
drug and were maintained on diets # 37, 39 and 40 lost in weight as the test con 
turned Their activity was depressed and the pelage became disheveled Ihc 
animals presented evidences of diarrhea and the whiskers became encrusted with 
porphvnn like materials In contrast to these rats, the test animals on diet #38 
(high protein low fat diet) maintained their weight although thev did not gain 
Their activity and the condition of their coats were good There were no e\i 
dences of diarrhea oi porphvnn encrustations of the whiskers 
It would seem from this experiment that these to>ic effects of atabrme are 



TABLE 2 

Data obtained in chronic experiments in rats 
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largely prevented bv the high piotein diet, and further, that plasma fibrinogen 
v allies parallel the toxic effects of atabnne upon the In er 1 

p\Ut u 

Experiments with doos A Doga numbered 241 and 255 were given 50 mgm of the 
drug per kgm body weight per day six days of each week while dogs number 2S7 and 273 
and 275 were given 25 10 and 5 mgm doses respectively These animals were maintained 
on stock rations Fasting blood samples drawn from time to time were used for analytical 
purposes The determination of the prothrombin time (2) blood sugar (8) icteric indc\ 
(3) and bilirubin (4) and the urinary urobilin output (9) showed nothing of interest at the 
times when they were performed These data are consequently omitted from sul sequent 
tabulations The data recorded in table 3 are concerned only with the determinations of 
serum protein (5) fibrinogen (1) albumin globulin (10) non protein nitrogen (11) urea 
(12) and cholesterol (13) 

Resuiis Dogs numbered 241, 255 and 287, namely those animal'? receiving 
the larger daily doses of the drug underwent a loss m body weight and this loss 
in weight was accompanied by a diminished food intake The resultant mam 
tion, produced presumably by the anorexia yomiting and diarrhea induced by 
the drug is reflected in the decreased serum proteins, and more specifically in 
the albumin fraction of the serum protein, and in the diminished urea non piotein 
nitrogen and cholesterol yalues obtained (table 3) 

As m the acute experiments with rats described in the preceding paper and 
as in the chronic expel i men ts yuth rats described aboy e, plasma fibnnogen yalues 
were increased by the administration of atabnne to these three dogs It may be 
noted that dogs numbered 241 and 287 tended to show a return toward normal 
fibnnogen ley els as the animals continued on test Dogs 273 and 275 which 
receded 10 and 5 mgm per hgm doses of the drug respectively did not show 
increased fibnnogen values Is either was there a loss in bodv weight nor a 
diminution of the blood protein cholesterol urea or non protein mtiogcn even 
though these dogs were continued on test for much longer penods of time than 
the three dog& receiving the higher dose levels of the drug 

Since Whipple and his co workers (14) demonstrated the hepatic ongin of 
fibnnogen numerous attempts have been made to use the determination of 
fibnnogen as a test of liver function In frank cases of liver degeneiation such 
as occur m acute yellow atrophy , chloroform and phosphorus poisoning fibrinogen 
values are invariably lowered This is the opposite of the upward trend m the 
fibrinogen values observed by us Toster and Whipple (15) have pointed out 
however, that most infectious diseases traumatic mjuues, and other conditions 
that produce destruction or inflammation stimulate fibnnogen production and 
that plasma fibnnogen levels may be increased in the presence of In er damage 
In tins connection, Foster and Whipple (15) have pointed out that the actual 
destruction of liv er tissue may cause increased fibrinogen values, and low v allies 
are obtained only when the loss of liver tissue has become sufficiently great that 
the organ can no longer meet the needs of the body for fibnnogen production 

1 The tissues of all animals were examined by Dr Henry Siegel who will present else 
where his findings on the pathology produced by atabnne 
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TABLE 3 


DATE 

BODY 

WEIGHT 

SEBUM 

MOTEIX 

AtBCKIN 

GLOBULIN 

a/g 

*ATJO 

TIBIIN- 

OCXS 

TOTAL 

CHOLES- 

TEKOL 

U*£A N 

N.P.N. 

Dog No. 241. 50 mgm./kgm. Dosing begun 10/6/42. 

Body wt. 19.5 kg. 


him. 









12/10/42 


4.8 

3.2 

1.6 

2.0 

380 


19 

28 

12/22/42 

16.0 

5.2 

3.6 

1.6 

2.3 

370 

90 


33 

1/ 5/43 

17.0 

4.9 

3.0 

1.0 

1.6 

410 

130 


37 

2/ 1/43 

IS. 4 

4.7 

2.1 

2.6 

O.S 

482 

84 

4 

22 

3/12/43 

16.3 

5.4 

2.8 

2.6 

1.0 

440 




3/30/43 

16.0 

5.4 

3.2 

2.2 

1.5 

35S 

6S 


6 

Dog no. 255. 50 mgm./kgm. Dosing begun 9/19/42. 

Body wt. 9.0 bg. 

10/ 1/42 

7.8 

4.8 




309 

mm 

mm 

■■ 

10/29/42 

8.7 

4.9 




396 

in 



11/12/42 

8.3 

5.6 




530 

75 

1 


Dog no. 2S7. 25 mgm./kgm. 

Dosing begun 1/25/43. 

Body wt. 8.65 kg. 

1/14/43 

8.65 

6.1 

3.9 

2.2 

1.8 

250 

136 



1/29/43 






390 



34 

2/20/43 

8.0 

5.3 

3.3 

2.0 

1.65 

332 




3/ 2/43 

8.0 

5.2 

3.6 

1.6 

2.25 

345 

119 

14 

32 

3/15/43 

7.65 

5.3 




340 



20 

3/24/43 

7.3 

4.9 

3.3 

1.6 

2.1 

322 

S3 


13 

Dog no. 273. 10 mgm./kgm 

Dosing begun 9/17/42. 

Body wt. 8.5 kg. 


10/ 1/42 

S.4 





314 

150 



10/29/42 

8.8 

6.0 




276 

150 



11/12/42 

9.1 

5.8 




175 

no 

9.5 

27 

12/ 3/42 

9.1 

5.8 

3.5 

2.3 

1.5 

239 



27 

12/22/42 

9.7 

5.4 





98 



1/ 5/43 

9.7 

5.4 




256 

146 

10 

34 

1/25/43 

9.9 

6.0 

4.2 

1.8 

2.3 

260 

162 

14 

41 

Dog no. 275. 5 mgm./kgm. 

Dosing begun 9/17/42. 

Body wt. 7.3 kg. 


10/ 1/42 

8.1 





200 

110 



10/29/42 

9.1 

6.2 




277 

108 



11/12/42 

9.3 

6.1 




241 

123 

20 

32 

12/ 3/42 

9.4 

6.4 

4.1 

2.3 

1.8 

210 



31 

3/12/43 

9.4 

5.3 

3.1 

2.2 

1.4 



17 

41 


In 28 determinations on 12 normal dogs the average fibrinogen concentration was 
(~fc35, maximum deviation, 80) mgs. per cent. Scrum protein albumin and globulin are 
given in grams %. Fibrinogen, cholesterol, urea N and N.P.N. are given in mgs. %. 
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It appears that the increased fibrinogen \ allies observ ed follow ing the admmis 
tration of atabnne result from the toxic effect of the drug upon the h\ er 

B Previous experiments indicate that the diet influences the toxicity of ati 
brine and the above experiments with dogs indicate that the drug, at least at the 
higher do^c lev els, produces an inanition It thus appears that a cyclical process 
occurs whereby the drug produces an inanition and as a result of this inanition, 
the toxicitv of the drug is augmented Rather than to maintain dogs on differ 
ent diets to investigate this phenomenon, it was decided to subject animals to a 
severe protein depletion and then to administer the drug chronically If the 
depletion influences the toxicity f signs and sy mptoms should appear in a shorter 
time among the depleted animals than among stock animals Further, toxic 
effects might then be reversed bv the administration of liberal amounts of pro 
tern The following experiments were designed to test these assumptions 

A group of dogs were placed on the low protein diet (table I) on 6/9 Three months 
later the condition of the dogs was critical Two of the dogs died following perforation of 
gastric ulcers and the remaining six dogs w ere anemic and severely depleted in protein In 
order to keep the dogs alive the} were permitted free access to lean meat on 9/29, 9/30 
10/9 and 10/23 but otherwise the animals were continued on the low protein diet Dogs 
numbered 219 and 233 were reserved as controls and dogs numbered 222 227, 223 and 229 
were given, by stomach tube 10 mgm of atabnne per kgm body weight for six days of each 
week beginning on test 10/7 

Samples of blood were drawn at various times (indicated in table 4) These were 
analysed for fibrinogen (1) eerum protein (6), albumin globulin (10), urea (12), non protein 
nitrogen (11), glucose (8) total cholesterol (13), bicarbonate (6) icterus (3) and chloride 
(16) Hematocrit values (17) prothrombin time (2) and Hanger Flocculation rates* 
(18) were also determined Due to limitations in the sire of the blood samples it was not 
possible to perform all tests on each sample of blood Consequently, groups of analyses 
were performed on alternate samples of blood and when tests gave values which continued 
to fall within the normal range these tests were discontinued For example, determma 
tions of bilirubin icterus prothrombin time, unnary urobilin, and the occasional brom 
sulfalcm tests that were performed showed little of interest even though atabnne admin 
istration (19) and low protein diets (20) are known to produce liver damage 

Results As shown in the first three sets of analytical data (10/22, 11/2, 
11/11) in table 4, the animals were depleted of protein serum protein ranged 
between 4 0 and 5 2 grams per cent After as little as 13 doses of the drug, 
fibrinogen values were increased and after 31 doses values as high as 444 mgm 
per cent were obtained among the test animals while the control animals #219 
and 238, did not give values exceeding 264 mgm per cent Dunng this time 
interval, when the animals were being maintained on the low protein diet, body 
w eights remained relatively constant and as a result of the low protein diet 
blood urea and non protein nitrogen were low The cholesterol levels were 
somewhat elevated in these dogs While in most conditions of marked cachexia 
hy pocholesterolemn occurs, starvation causes a hy perlipemia that affects all the 
lipoid constituents of the blood The hy peicholesterolemia in these animals 
presumably resulted from starvation 

1 The Hanger flocculation test is apparently valueless in dogs since in our hands all dogs 
regularly give four plus values 
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TABLE 4 


DATE AND 

DOC 


T I BRIN- 

SERUM 

ALSU* 

CLOBC- 

a/g 

UREA 


eir.A/ 

TIEMA- 

DIET 

NO. 


OCtN 

PROTEIN 

MIN 

UN 

RATIO 

; N 1 


N.P.N. 

TOCRIT 

M2 







i 

! 



sspi 

10/22 

219 


167 

alga 








13 doses 

238 


202 

4.3 









222 

5.9 

286 

4.5 









227 

4.9 

256 

4.2 






1 

M ■ 


228 

0.2 

342 

5.2 







1 


229 

G.7 

378 

4.4 







■ 

11/2 

219 

4.9 

257 

4.2 




3.8 

12.3 

.31 


23 doses 

23S 

8.5 

204 

4.4 




3.8 

14.1 

.27 



222 

5.8 

301 

4.9 




9.4 

18.7 


37.5 


227 

4.8 

390 

4.5 




2.9 

9.6 


29.5 


228 

6.5 

420 

5.4 




2.6 

10.8 

.24 

29.0 


229 

6.8 

310 

4.8 




2.3 

12.3 

.19 

29.0 

11/11 

219 


264 





8.3 

16.6 

[ .50 

28.0 

31 doses 

238 


250 





8.2 

15.7 

.52 

36 .0 


222 

6.2 

355 




' 

11.5 

23.3 

1 .49 

36.0 


227 

5.1 

444 





7.2 

11.9 

! .60 

27.0 


228 

6.8 

362 





5.5 

12.1 

.45 

30.0 


229 

6.8 

367 





6.5 

13.6 

1 - 48 

30.0 

11/23 

219 

5.6 

438 

5.2 




11.0 

25.0 

.44 


238 

9.9 

416 

4.6 




25.0 

41.0 

1 -61 



222 

6.8 

480 





14.0 

28.0 

.50 



i 227 

i G.4 

| 652 

1 4 ' 7 




, 21.0 

, 33.0 

.64 

i 


228 

1 8.4 

423 

G.2 




11.0 

26.0 

.42 



229 

7.4 

487 

5.3 




7.0 

24.0 

.29 

■ 

11/30 

219 


435 

5.5 

3.1 

2.4 

1.3 

. 





238 


355 

5.9 

3.3 

2.6 

1.3 




. 


222 

6.9 i 

653 

5.8 

3.1 

2.7 

1.1 






227 


433 

5.3 

3.0 

2.3 

1.3 






i 228 


355 

l 6.5 

3.5 

3.0 

1.2 






229 

9.4 

503 

1 6.3 

3.0 

3.3 

| 0.9 

. 

I 



i 

12/7 

; 

219 


241 j 

5.6 ! 

3.4 

2.2 

1.5 

11.0 

38.0 

.29 

37.0 

238 


238 

6.0 

3.5 

2.5 

1.4 

15.0 

45.0 

.33 

Eiiaill 


222 

7.5 


6.5 

3.5 

1 3.0 

1 1 - 2 

10.0 

44.0 

.30 

37.0 } 


227 

8.9 

Em 

5.9 

3.3 

2.0 

1.3 

12.0 

34.0 

.35 



22S 

MlwSs 

222 

6.6 

3.9 

2.7 ‘ 

1.4 

12.0 

35.0 

.33 

32.0 j 


229 

10.2 

275 

6.0 

3.2 

2.8 

1.1 

, 10.0 

j 29.0 

.35 


, 1943 

i/n 

219 


257 

5.0 

5.4 

3.4 

3.5 

2.2 

1.9 

1.5 

1.8 

12.0 

14.0 

28.0 

37.0 

.43 

,3S 



222 

8.1 


6.2 

3.7 

2.5 

1.5 

14.0 

33.0 

.43 

40.0 


227 

11.3 

[331 

6.1 

3.6 

2.5 

1.4 

12.0 

33.0 

.36 

36.0 


228 


1 306 

6.4 

3.9 

2.5 

1.6 

15.0 

32.0 

.47 

35.0 


] 229 

j 12.9 

[2S6 

6.0 

3.4 

2.6 

1.3 

14.0 

30.0 

.47 

32.0 


TOTAL 

CJIOLTS- 

TEtOL 


2S9 

333 

250 

333 

272 

312 

22G 

271 

29S 

m 

395 

397 

193 
255 
202 
23S 
298 
248 

230 

19G 

170 

194 
194 
201 


142 
131 
134 
14 S 
18S 
159 
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TABLE 4 — Continued 


DATE AND 

DOC 

WEICKT 

TiniiN 

5E1CM 

MOTEIN 

ALBU 

ctoutr 

tin 

a/o 

Aatio 

m 

N 

NP.N 

d*ea/ 

NP.N 

HEUA 

TOCKIT 

TOTAL 

CBOLES 

TESOL 

19V 
















2/2 

219 



295 

5 

9 

3 

4 

2 5 

1 4 


23 0 ; 


39 0 

146 


23S 



260 

1 5 

G 

3 

5 

2 1 

1 7 


33 0 : 


44 0 

121 


222 

7 

7 

310 

5 

7 

3 

5 

2 2 

1 6 1 


31 0 


41 0 

124 


227 

11 

1 

271 

6 

1 

3 

4 

2 7 

1 3 


32 0 


39 0 

123 


22S 

11 

5 

221 

G 

1 

3 

7 

2 4 

1 5 


32 0 


39 0 

193 


229 

12 

0 

293 

6 

3 

3 

3 

3 0 

1 1 


32 0 ! 


37 0 


3/3 

219 



272 

5 

6 

3 

7 

1 9 

1 9 


32 0 


40 0 ' 

150 


23S 1 



265 

5 

8 

3 

7 

2 1 

1 8 


37 0 


43 0 

112 


222 

8 

G 

296 

6 

0 

: 3 

7 

2 3 

1 6 


31 0 


41 0 

118 


227 

13 

3 

260 

5 

8 

3 

7 

2 1 

1 8 


30 0 


39 0 

144 


22S 1 

14 

1 

172 

5 

9 

3 

9 

2 0 

1 9 


26 0 


40 0 

193 


229 

13 

9 

212 

5 

7 

3 

4 

2 3 

1 5 


40 0 


35 0 

190 

4/1 

219 

10 

1 

2o0 

5 

4 

3 

3 

2 1 

1 6 

14 0 

21 0 


39 0 

215 


233 

16 

7 

195 

5 

2 

3 

3 

1 9 

1 7 

11 0 

34 0 


41 0 

139 


222 

8 

5 

2S7 

6 

2 

i 3 

8 

2 4 

1 6 

15 0 

27 0 


41 0 

• 122 


227 

13 

5 

203 

5 

8 

1 3 

8 

2 0 

1 9 

13 0 

29 0 


39 0 

116 


228 

13 

9 

176 

6 

2 

1 4 

2 

2 0 

2 1 

12 0 

36 0 


40 0 

H7 


229 

13 

4 

276 

5 

9 

3 

6 

2 4 

1 5 

14 0 

29 0 


37 0 

124 


Meat diet begun 11/16/42— meat discontinued 3/19/43 

Serum protein albumin and globulin values are yven in grams % 1 ibnnogen urea N» 

NPN and cholesterol ore given in gma % Hematocrit values arc given m volumes 
per cent 

A comparison of fibtinogen values obtained with these dogs maintained on 
the low protein diet (table 4), with the values obtained with dogs maintained 
on stock rations (table 3), shows a striking difference in the time required for the 
appearance of the increased fibrinogen values The protein deficient animals 
showed increased values within two weeks after administration of the drug wAs 
initiated Dog #273 which was maintained on a stock ration and received the 
same daily dose of the drug (10 mgm per kgm ) did not show an increased fibrino 
gen level four months aftci initiation of drug administration At 25 mgm per 
[ kgm per day, dog #287 showed an augmented fibrinogen level one month after 
I starting the drug and dogs #241 and 255 which received 50 mgm per kgm 
required tvv o to four w eeks of dosing before the lev els w ere increased Thus, it 
* appears that increased fibrinogen concentrations w ere induced bv atabnne at an 
1 cailiei date in protein depleted dogs than in dogs maintained on stock diet 

In order to determine if the increase in the fibrinogen levels observed in the 
low protein dogs could subsequently be reversed, a diet relatively high in protein 
1 was administered This diet, composed of 1 part of Gaines food mixed with one 
( part of horse meat, was given on 11/1G/42 and daily thereafter As shown m 
jS table 4 the fibrinogen values were greatly increased in both the test and control 
•1 animals for two Weeks (11/23, 11/30) after restoring protein to the diet This 
; non specific increase in the plasma fibrinogen may be related to liver damage 
/ 
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induced by tlie prolonged protein deprivation (20), but, nevertheless, one week 
later all these values fell, and remained at normal levels thereafter. It thus 
appears that the fibrinogen increase produced by the atabrinc was reversed by 
the administration of protein. 

Following restoration of dietary protein, the body weights of the animals 
increased even though the daily administration of the drug continued. The 
serum protein level increased slowly. Initially the globulin levels were a little 
high, but these underwent readjustment to normal levels in about one month’s 
time. These observations are in agreement with the finding of Weech and 
Goettsch (21) who demonstrated that the administration of adequate diets after 
long periods of protein deprivation produces an immediate rise in globulin which 
may for a time be greater than the concomitant rise in albumin. The albumin 
fraction increased slowly. Weech (22) suggested that this delayed type of re- 
generation may result from injury to a mechanism, presumably in the liver, 
Avhich is concerned with synthesizing albumin. In our dogs urea and non-, 
protein nitrogen levels increased to normal values indicating no impairment of 
the kidneys’ ability to eliminate nitrogenous waste products. In this connection 
it may be noted that we have examined many urine samples from all the dogs 
treated with atabrinc in these studies and have found no evidence of albuminuria. 
The blood cholesterol levels returned to more normnl values and did not appear , 
to be greatly changed by the continued administration of the drug. 

From the data recorded in tables 3 and 4 it is evident that fibrinogen values, 
which have been demonstrated to be increased by atabrinc administration, are 
increased more rapidly in protein depleted dogs than in normal dogs, and as 
shown in table 4 this increase can be reversed by restoring protein to the diet 
of the depleted dogs. 


SUMMARY 

Rats maintained on a high protein-low fat diet appear to resist toxic effects 
upon the liver of the daily administration of atabrinc to a greater degree than 
rats maintained on low-protein diets or a diet high in both protein and fat. 
Inhibition of liver function in the rat was not detected by the bromsulfalein test, 
the determination of the icteric index, bilirubin or prothrombin time. Plasma 
fibrinogen values appear to parallel the toxic effects of atabrine upon the liver. 

Daily administration of large doses of atabrine (25 to 50 mgm. per kgm.) 
to dogs produces an inanition within 3 to 0 weeks. At lower dose levels (5 to 10 
mgm. per kgm.) this is not evident three to five months after initiation of drug 
administration. 

Plasma fibrinogen levels are more rapidly increased by the daily administra- 
tion of atabrine in protein depleted dogs than in dogs maintained on a stock 
ration. This effect of the drug is reversed by restoring protein to the diet of the 
depleted dogs. 

Determinations of the prothrombin time, icteric index, bilirubin, urinary 
urobilin, urea, non-protein nitrogen, urinary protein, and the Hanger flocculation 
time afforded no evidence of depressed function in these dogs. 
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A decrease or disappearance of blood prothrombin (1) may be produced by 
minute amounts of dicumarol (3 ,3'-methylene-bis-(4-hydroxycoumarin)). This 
compound acts as an anticoagulant only in vivo and, when given intra- 
venously as well as orally, there is a latent period of 12 to 24 hours before the 
prolongation of prothrombin time becomes apparent. The effect appears to be 
highly specific, liver injury (2) and other toxic effects (3) resulting only from 
larger doses. The similarity of the hypoprothrombinemia induced by dicum- 
arol and the effects of deficiency of vitamin K has suggested the possibility that 
dicumarol may act as a physiologically antagonistic chemical analogue of the 
vitamin (4). While vitamin K is relatively ineffective in counteracting the 
hypoprothrombinemia induced by dicumarol, large doses of the vitamin have 
been shown to decrease the effect produced by minimal doses of dicumarol (4). 
The production of thiamine deficiency disease by a pyridine analogue of thiamine 
and of a scurvv-like disease by glucoascorbic acid has been reported (5). 

Hypoprothrombinemia may also be induced by compounds other than dicum- 
arol. Lehmann (G) studied the effect of coumarin and dicoumarin derivatives 
on prothrombin time of rabbits. He found that dicumarol was 1,000 times ns 
active as coumarin, 250 times as active as 4-hydroxycoumarin and 250 times as 
active as 3-methyl, 4-hydroxycoumarin. Acetylation of the hydroxyl groups 
of dicumarol or substitution of a methyl group for one of the hydrogens on the 
methylene group of dicumarol had little effect on its pharmacological activity. 
On the other hand, substitution of a carboxyl group for one of the hydrogens of 
the methylene group of dicumarol decreased the specific activity 80 times. 

Salicylic acid, methyl salicylate and acetylsalicylic acid have been shown to 
produce a hypoprothrombinemia in animals (7) and man (8). The effective 
dose of salicylates is 25 to 100 times that of dicumarol and the change in plasma 
prothrombin is readily prevented by small doses of vitamin Iv. Link and liis 
associates (7) observed that only those compounds show anticoagulant action 
which theoretically might yield an O-hydroxybenzoic acid derivative on degrad- 
ation. Benzoic acid and m- or p-hydroxybenzoic acids had no effect on pro- 
thrombin time. Sulfaguanidine also results in a prolongation of prothrombin 
time (9) which is readily prevented by administration of vitamin K. 

In the course of other investigations of the toxicity of various compounds in 
relation to their chemical structure, the observation was made that several in- 
dandione derivatives produced fatal hemorrhages and that the blood at death was 
incoaguable. A more intensive study of the effects of these compounds on 
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plasma prothrombin was therefore undertaken These compounds have been 
shown to lm\e a powerful and specific effect on depressing the prothrombin level 
in the blood, an action apparently identical with that of dicumarol One of these 
compounds appears to be as potent as dicumarol 


Methods The experiments were performed on albino rats and rabbits Studies on 
acute and chronic toxicity were carried out by oral administration of single or repeated 
doses of the compounds dissolved m olive oil or by incorporating the compound in the diet 
Blood for prothrombin determinations was draw n by cardiac puncture and the prothrom 
bm time of undiluted oxalated plnsma determined by a modification of Quick s method (10) 
using rabbit brain qb the source of thromboplastin 

The indandionc compounds were obtained through the courtesy of Dr L B Kilgore (11) 


Obser\ations 


(A) 2 isovaleryl 1,3 indandione 



CH CO CHaCH(CH 3 ) 2 


This compound has a pronounced effect in depressing the plasma prothrombin 
In rabbits, the minimal effective oral dose is 5 0 to 7 5 mg per kg The effect 
on prothrombin time with \anous doses in rabbits is shown in table 1 The 
time relations of change of prothrombin time following administration of this 
compound are shown in figure 1 The prothrombin time shows a rise at 24 hours 
but usually does not reach a maximum until 48-72 hours Blood samples taken 
within 12 hours show no change in prothrombin time following a small dose 
With minimal doses, there is a definite decrease of prothrombin time at 48 to 
72 hours (figure 1) 

Rats fed 2 isov aleryl 1 ,3 indandione in the diet lived for 5 to 20 day s (table 2) 
The animals continued to gain weight and showed no symptoms until just before 
death Post mortem examination revealed marked hemorrhage?., usually m 
the pleuial cavity and lungs but also observ ed retropentoncally , subcutaneously , 
in the cecum thymus eye, etc The liver was grossly normal but microscopic 
examination revealed marked centrolobular fatty degeneration and areas of focal 
necrosis The blood w as incoagulable even after addition of calcium and throm 
boplastin Addition of a small amount of fresh serum or of fibrinogen free 
normal plasma rapidly resulted m coagulation Addition of fibrinogen w as with 
out effect There was no evidence of the pre c ente of excessive amounts of 
antiprothrombm or antithrombin in the plasma These results indicate that 
the incoagulability of the blood is to be attributed to a disappearance of pro 
thrombin from the plasma The cumulative effects of repeated subtoxic doses 
in rabbits is shown in table 3 The terminal reduction in hemoglobin and red 
cell count i>s due to hemorrhages occurring just before death 

Vitamin K given orally even m very large doses in the form of 2 methvl 1,4 
naphthoquinone failed to prevent the rise of prothrombin time and had only a 
slight effect in prolonging survival of rats receiving as little as 0 005% of 2- 
isov aleryl 1 3 mdandione in the diet (table 2) In rabbits, a phosphoric ester of 
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TABLE 1 


Effect of oral administration of indandionc compounds on prothrombin time in rabbits 


COMPOUND 

DOSE 

pjtontRowBrN twe {seconds} 

Before 

administration 

Maximum 

2-isovalcryl-l,3-indandionc 


10.7 

10.7 




13.8 



11.4 

14.8 


10.0 


15.2 


10.0 


15.9 


15.0 

12.7 

43.9 


20.0 


26.5 


25.0 

12.7 

100.0 

2-pivalyl-l ,3-indandionc 

1.0 

11.3 

16.7 

2.0 

11.2 

13.7 


2.5 


22.9 


5.0 

11.5 

21.8 


10.0 

12.5 

18.9 


15.0 

11.6 

10.5 


25.0 

13.1 

no clot 

2-propiony 1 -1 , 3-i nd an di on c 

10.0 

12.7 

12.0 

10.0 


18.3 


15.0 

14.6 

22.3 


20.0 

12.5 

13.8 


25.0 


19.9 


100.0 

■ 

34.5 

2'oXaphthoyl-l,3-indandione 

1.0 

17.4 

18.2 

2.0 

18.1 

25.4 


5.0 

16.5 

22.4 


10.0 

15.9 

32.9 


15.0 

17.9 

98.2 


20.0 

18.5 

32.2 


25.0 

18.4 

104,7 

1 ,3-indandionc 

50.0 

12.6 

12.6 

50.0 

11.8 

12.3 


100.0 

11.7 

10.8 


100.0 

15.0 

13.4 


500.0 

11.4 

15.5 

2-sodium-2-carbethoxy-l ,3-in- 

50.0 

11.0 

10.9 

dandione 

100.0 

11.6 

12.0 


300.0 

13.5 

12 A 


500.0 

11.6 

12.8 


1000.0 

16.6 

54.8 

Dibenzoylmcthanc* 

100.0 

12.4 

11.8 


500.0 

11.6 

11. s 


1000.0 

16.5 

24.3 


Xot an indandionc compound. 
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K 1 given intravenously in a dose of 35 mg. per kg. failed to prevent a- 
tothrombin time from a single dose of 10 mg. per kg. of 2-isovaleryl-l ,3 
ne given orally. Vitamin K in large doses had a slight effect in decrcas- 
ise of prothrombin time resulting from administration of small doses of 
-jrrhagic agent. 

ute toxicity of large doses of 2-isovaleryl-1 ,3-indandione was studied in 
rabbits (table 4). The animals showed labored respiration, progressive 
weakness, hyperexcitability, pulmonary congestion, venous engorge- 
* systolic standstill. Death occurred in 2 to 12 hours. As a rule, no 



Effects of Intramuscular Injection of 2-Isovalertl-1 ,3-indandione 
in Olive Oil on Plasma Prothrombin* Time in Rabbits 
A, 20 mg. per kg.; B, 10 mg. per kg. 

3 were found. Following oral administration of 150 mg. per kg. to 
l hrombin time was found to be normal at 2.5 to 4 hours but showed a 
ase at 5.5 hours. Petechial hemorrhages were observed in the lungs 
t surviving 12 hours. 

' i 1-1,3-indandionc is very slightly soluble in water. A saturated 
' ' aining 20 rag. per 100 cc. has a distinctly yellow color. In a cat 
’ anesthesia a saturated solution of this compound in normal saline 
>red intravenously in the course of 2.5 hours. The total dose given 
, i 2-mcthyl-l-l naphthoquinone diphospboric ester, Hoffmann-La 
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was 20 mg. per kg. No significant effects on blood pressure, respiration, or 
Dlasmn prothrombin time were observed. 

TABLE 2 


Chronic toxicity of S-isovalcryl-1 ,S-indandionc when fed in the diet * of rats 


NUMBER 

WEIGHT 

% 2-isovaleryl- 

1,3-indandiove 

IS DIET 

% Kt IN 
DIET 

; 

% mortality AT 

5 to 7 
days 

8 to 11 
days 

12 to IS 
days 

1G to 20 
days 


grams 







10 

90-100 

0.1 

0 

100 




10 

80-100 

0.06 

0 

90 

10 



5 

50-60 

0.01 

0 

100 




6 

120-150 

0.01 

0 

33 

33 

33 


6 

70-85 

0.01 

0.5 

33 

33 

33J 


12 

80-90 

0.005 

0 

25 

33 

17 

25 

12 

60-80 

0.005 

0.2 

8 

17 

42 

335 

6U 

80-100 

0.1 

0 

100 




OS 

85-100 

0.05 

0 

100 





* Casein 18, yeast 5, McCollum’s salt mixture 4, cod liver oil 2, olive oil 8, starch G3. 
t 2-methyl-l,4-naphthoquinone. 
j Prothrombin time 6}', 11', 3}', >20'. 

§ Clotting time >15'. 

H 2-pivalyl-l,3-indandionc. 

TABLE 3 


Chronic toxicity of S-isovaleryl-l ,S-indandione in rabbits. Daily oral administrations of SO 

mg. per kg. 5% in olive oil 


NUM- 

WEI CUT 

HB. 

NUMBER 1 

TOTAL 

CRAMS 

HEMATOLOGY 


IJH 



DOSES ; 

KC. 

a 







kg. 

grams 

■ 


grams 

millions 
Per cu. 
mm. 

thou- 
sands 
per cu. 
mm. 




9 

2.5 

12.6 


0.20 




None 

Died 

Thoraci hem- 








I 



orrhage 

10 

2.4 

11.8 

8 

0.40 

10.7 

4.9 

9.0 

Oral hemor- 

Died 

Pulmonary 









rhage 


hemorrhage 

11 

2.5 

13.6 

8 

0.40 




None 

Died 

Pleural clTu- 











sion a thor- 
acic hemor- 
rhage 

12 

2.1 

12.0 

9 

0.45 

10.5 


21.0 

Hemorrhage 

Died 

Albuminuria 









following 

venipunc- 











ture 



13 

2.4 

14.9 

6 

0.30 

9.3 



Nasal and or- 

Died 

Pulmonary 

i — 








al hemor- 
rhages 


hemorrhages 


- The effect of addition of 2-isovaleryl-l,3-indandionc to normal plasma in 
7 vitro was also investigated. There was no immediate effect on prothrombin 
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time when rabbit plasma was saturated with tlus compound, while on standing, 
there was a rapid deterioration of prothrombin and consequent elevation of 
prothrombin time e\ en at 30°C (fig 2) Normal rabbit plasma shows no change 
in prothrombin time in two hours at room temperature (12) Human plasma 
saturated with 2 iso\aleryl 1,3 mdandione shows complete disappearance of 


TABLE 4 

Acute toxicity of mdandione denvatncs administered tn olae oil orally 


RATS 

DOSE 

% KOBTAUTY 

Number j 

W t ght 

A 2 laovaleryl 1 3 mdandione 



t»t Ht 


5 

200-230 gra 

100 

20 

8 

220-200 pm 

200 

100 

6 

210-285 gm 

300 

100 

SAB It ITS 



4 

2 0-2 5 kg 

100 

0 

3 

1 2 1 5 kg 

150 1 

67 

3 

1 7-1 8 kg 

200 j 

100 

B 2 pivalyl 1 3 mdandione 

«ATS 



4 

150-200 gm 

100 

0 

5 

140-200 gm 

150 

80 

3 

200-250 gm 

200 

100 

3 

215-235 gm 

400 

100 

RABBITS 



3 

1 5-3 0 kg 

100 

33 

3 

1 4-2 2 kg 

150 

33 

3 

1 3-1 5 kg 

200 

100 

C 2 propionjl 1 3 mdandione 

10 

s 

110-160 gm 

300 

0 

5 

105-164 gm 

400 

80 

8 

65 176 gm 

500 

75 

9 

70-156 gm 

1000 

100 


prothrombin after standing for two hours, the plasma clots promptly when 
fresh serum is added Saturated 2 isovaleryl 1,3 mdandione plasma diluted 
1 10 with normal human plasma also shows more rapid deterioration of pro 
thrombin tn intro than normal (fig 3) On the other hand, saturated 2 iso 
% alery 11,3 mdandione plasma diluted 1 50 w ith plasma show s less rapid detenor 








A.BPIT10K or 2-IsOVAl>F.RTL'l,3-lNl)AND10NK IS vitro 


A, normal plasma*, B, plasma saturated with 2*isovaIcryM,3>indandionc diluted 1*10 
with normal plasma; C, plasma saturated with 2*isova!cryl-l ,3-indandione diluted 1:50 
with normal plasma. 
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ation of prothrombin than normal (fig. 3). It would seem that the stability of 
plasma prothrombin is increased by low concentrations of 2-isovaleryl-l, 3- 
indandione, while higher concentrations have the opposite effect. 

(B) 2-pi valj'1-1 ,3-indandione 



CH.CO.C(CH 3 ) 8 


This compound has a more pronounced effect in depressing plasma prothrombin 
than 2-isovaleryl-l ,3-indandione. The minimal effective oral dose in rabbits is 
less than 1 mg. per kg. which is in the same range of effectiveness as dicuraarol (1). 
Even as little as 0.25 mg. per kg. increases prothrombin time of diluted plasma. 
A dose of only 25 mg. per kg. orally renders the blood prothrombin-free in 72 
hours (table 1). The effects of incorporating 2-pivalyl-l,3-indandione in the 
diet of rats was in every way similar to that of 2-iso valeryl-1 ,3-indandione 
(table 2). The acute toxicity of 2-pivalyl-l ,3-indandione is also similiar to that 
of 2-isovaleryl-l, 3-indandione except that petechial hemorrhages were observed 
in the lungs of rats which died 1 to 2 hours after administration of a single 
large dose. 

(C) 2-propionyl-l, 3-indandione 


CO 

I CH.CO.C,H 5 

10 



This compound is similar to the isovaleryl and pivalyl indandiones but less 
active. The effects of various doses on prothrombin time in rabbits is shown in 
table 1. The minimal effective oral dose is 10 to 15 mg. per kg. The pro- 
thrombin time is increased to a greater extent by 25 rag. per kg. of 2-isovaleryl-l , 
3-indandione or 2-pivalyl-l ,3-indandione than by 100 mg. per kg. of 2-propionjd- 
1 ,3-indandione. The acute toxicity data' are incorporated in table 4. 

(D) 2-Naphthoyl-l ,3-indandione 



This compound is highly active in depressing the plasma prothrombin level 
(table 1). The minimal effective oral dose is 2 mg. per kg. 

(E) 1, 3-indandione 
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As can be seen from table 1, this compound is relatively ineffective in pro- 
longing prothrombin time. The minimal effective dose in our series was 500 mg. 
per kg. 

(F) 2-Na-2-carbethoxy-l ,3-indandione 



CNa-COOCjHs 


This compound is water soluble. It is relatively ineffective in elevating 
prothrombin time (table I). No significant change in prothrombin time is 
observed until 1 gram per kg. is administered. 

(G) Dibenzoylmethane 


CO.CHj.OC 



This compound was used to determine the effectiveness in reducing plasma 
prothrombin of a substance containing the methylene bridge of dicumarol and 
two ketone groups. This compound is relatively ineffective (table 1), the min- 
imal dose to prolong prothrombin time being 1 gram per kg. 

Discussion. The series of compounds studied in this paper for their activity 
in inducing hypoprothrombinemia is of considerable interest for the elucidation 
of the problem of the relation of chemical structure to this specific activity. The 
compounds may be divided into two groups. One group, which is highly active 
in inducing hypoprothrombinemia, consists of 2-isovaleryl-l ,3-indnndione, 
2-pivalyl-l,3-indandione, 2-propionyi-l,3-indandione and 2-anaphthoyl-l ,3- 
indandione. While the character of the side chain results in some variation in 
activity, all of these compounds produce a marked hypoprothrombinemia with 
relatively small doses. One of these compounds, 2-pivalyl-l,3-indandione is 
as effective a hemorrhagic agent as dicumarol. The second group of compounds 
\ has extremely weak hypoprothrombinemic activity and consists of 1,3-indand 
/ ione, 2 sodium-2-carbethoxy-1 ,3-indandione and dibenzoylmethane. These 
compounds differ from those of the first group in containing two instead of three 
ketone groups. The third ketone group therefore assumes considerable import- 
ance in determining the effect on plasma prothrombin. 

In the series of coumarin compounds studied by Lehmann (6), only the di- 
coumarins with two ketone groups and two enol groups were highly active, while 
the coumarins with one ketone and one enol group required very large doses to 
produce a reduction in plasma prothrombin. Link and his co-workers (7) 
made the observation that salicylates produce hypoprothrombinemia when 
relatively large doses are administered. They state tiiat only those compounds 
show anticoagulant action which theoretically might yield salicylic acid on 
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degradation The indandione compounds are more lihelj to yield phthalic acid 
as a degradation product rather than salicylic acid Moreover, assuming the 
theoretical possibility of salicylic acid as a degradation product of the active 
indandiones, there is no reason to suppose that the inactive ones would not 
undergo similar degradation Furthermore, a small amount of vitamin K will 
prevent the h> poprothrombinemia from a large dose of sahcjlates, while vitamin 
K is quite meffectiv e in antagonizing dicumarol and the indandiones It there 
fore appears unlikely that the active indandione conpounds and dicumarol evert 
their effect in prolonging prothrombin time by being metabolized in the bod> 
to sahcj lie acid Dibenzoj lmethane everts a slight hypoprothrombinemic effect 
despite the fact that it probably could not be degraded to salicylic acid 

The observ ation that 2 isov alerj hi ,3 indandione added to plasma tn vitro has a 
significant effect m accelerating the deterioration of prothrombin on standing 
may be of importance m elucidating the mechanism of action of the indandione 
compounds and dicumarol Campbell and his co workers (13) observed that 
prothrombin in plasma from rabbits fed spoiled sweet clover haj (containing 
dicumoral) w as less stable than normal plasma A rapid decrease in prothiombin 
activity of pathological plasma incubated at 37°C occurred in 4 to 8 hours, 
while little or no change in the prothrombin time of normal plasma was noted 
These observations on 2 isovalerjUl,3-»ndandione and dicumarol indteate that 
the stability of prothrombin in plasma may be affected bj these h>poprothrom- 
binemic agents as well as the possible effect on liver production of prothrombin 

SUMMARY AND CONCLUSIONS 

1 The effectiveness of a number of indandione derivatives m inducing hjpo- 
prothrombinemia has been investigated The action of these compounds is sim- 
ilar to that of dicumarol One of these compounds appears to be as potent a 
hemorrhagic agent as dicumarol 

2 Compounds with tlyee ketone groups were found to be highlj active On 
the other hand, compounds with two ketone groups showed onlj slight activity 

3 Addition of 2 isovalerjl-1,3 indandione to plasma in vitro results in insta 
oility of the plasma prothrombin 
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A CONTRIBUTION TO THE PHARMACOI OGY OF THE NITRATE 
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Although the esters of choline containing organic acids ha\e been investigated 
extensnclv in many laboratories, the inorganic cholme esters have not enjoyed 
the same consideration Nitrosochohne, the nitrous acid ester of cholme, called 
at one time pseudomuscarmc, however, has been studied by Em ms (1) He 
found it to be about 500 times more potent than choline, it possessed curare-like 
activity and produced no miosis The authors have been concerned with the 
pharmacologv of Xanllnum spmosum (2) and from the burs of the plant have 
succeeded in isolating cholme In the identification of the base, the nitrate ester 
of choline perchlorate was prepared according to the method of Hof man and 
Hobold (3) The paucity of infoimation on the inorganic esters of cholme and 
the stability of the salt prompted the m\cstigation of this ester 
Physical and chemical characteristics The nitrate ester of cholme perchlorate 
is a white crystalline compound which melts between 188 and 189°C The crys- 
tals arc highly double refractive, stable in air and easily purified by rccrystalliza- 
tion from hot water A saturated aqueous solution at 20°C contains 0 82 gram 
per 100 cc The structure of the ester is 

CII» 

CHs— N — CHj . CIR . ONOj 

/I 

CH, C10« 

Micronnalyscs in duplicate Melded the following results as compared with the 
values calculated for the foregoing formula 

Calculated C, 24 15 per cent, H, 5 27 per cent, N, 11 27 pei cent 
Found C, 24 95 per cent, 24 93 per cent, H, 5 01 per cent, 5 50 per cent, 
N, 11 00 per cent, 11 20 per cent 

Aqueous solutions of the ester appear to ictam their pharmacologic activity 
over long time periods The pH of a solution, 1 1000, lies between 0 and 7 
il/tosis in the rabbit Twelve rabbits received 2 drops of 1 per cent solution 
of the nitrate ester of choline perchlorate instilled into the conjunctival sac 
of one eye The contra lateral eye served as a control The treated ey es m all 
cases exhibited a stiong pupillarv constriction within 10 minutes which was 
antagonized by atropine Tour additional rabbits received acetylcholine in 

‘This investigation his been supported by the generosity of Mr Charles McManus of 
Baltimore, Md 
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the same manner. Xo miosis was elicited. Molitor (4) observed that miosis 
was not produced until the concentration of acetylcholine was 5 per cent. 

Depressor response. In dogs and eats (10 experiments) the depressor response 
upon intravenous injection of the nitrate ester was approximately 50 per cent 






Chart 1. Bi.ood Pressure, Don, G Ko. Ether Anesthesia 
No. 1. 1 cc. l.V. nitrate ester of choline perchlorate 1 in 10*. 

No. 2. 1 cc. l.V. acetylcholine 1 in 10 s . 

that of acetylcholine when compared in concentration of 1 in 10 5 . The depressor 
response was obliterated by atropinization and there was some evidence of nico- 
tine-like action in certain of the animals after atropinization. 

The relative response of the esters on the blood pressure of the dog, ether 
anesthesia, is shown in chart 1. 
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The depressor activity of the nitrate ester of choline perchlorate is not dimin- 
ished by incubation for 1 hour with the dog’s blood serum, indicating its refrac- 
toriness to the choline esterase. 





VlZ'.JJtLi i [ i. _ ,, , i3IL! 

Chart 2. Effect of Choline Esterase. Dog, 5 Kg., Ether Anesthesia 
No. 1. r *■ T ” . « . . . *~ r '■ * ' ■ » — with serum. 

No 2 * if ter 1 hour at37°C. 

No. 3 ■ 

No. 4. S . 

This effect compared with acetylcholine is shown in chart 2. 

Action on smooth muscle. The action of the nitrate ester of choline perchlorate 
on the pylorus of the frog was studied in vitro. The relative effects of the ester 
and acetylcholine are shown in chart 3. 
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LD-50 nitrate ester of choline perchlorate. The LD-50 (one hour) of the nitrate 
ester of choline perchlorate was determined on the rat by intraperitoneal injection 
and compared with that of acetylcholine. The results are shown in table 1. 

It is apparent from the data in table 1 that the LD-50 (one hour) for acetylcho- 
line for the rat upon intraperitoneal injection is approximately 25 mg./lOO grams 



0 (D ® \Q 

Chart 3. Effkct of Choline Esters os Frog's Pvi.orus 
1. Acetylcholine, 1 in 2.5 X 10 s . 2. Tyrode’s soln. 3. Xitrnte ester of choline perchlo- 
rate, 1 in 2.5 x 10 s . 4. Tyrodc’s soln. 


TABLE 1 


Comparative intraperitoneal toxicity of nitrate ester of choline perchlorate and 
acetylcholine for rats 


ACETYLCHOLINE 

NITRATE FSTER Or C1JOL1VF FFSCiUORATE 

Mg /J0O gm. 

Sun i\cd 

Died 

Mg /lOOjyn. 

Sun ived 

Died 

30 

0 

5 

40 

0 

i 

25 

G 

4 

30 

0 

i 

20 

9 

1 

20 

0 

i 

15 

0 

0 

15 

1 

3 

10 

5 

0 

10 

0 

5 




5 

1 

4 



i 

2.5 

4 

G 




1 

4 

1 


body weight. The value assigned to acetylcholine for mice by Morrison (5) 
is 20 mg./lOO grams of body weight. The approximate comparative LD-50 of 
the nitrate ester of choline perchlorate is 2.5 mg./lOO grams of body weight. 

The deaths produced by the nitrate ester were much more prompt than tho^e 
caused by acetylcholine. The convulsive properties of ncetvlcholinc arc far 
less pronounced than those of the nitrate ester. The latter produces convulsions 
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within 3 minutes when administered in lethal do=es The convulsions were 
clonic and characterized bj marked emprosthotonus They lasted no longer 
than 1 minute and invariably at their termination the animal died 
Chromodacryorrhea test The nitrate ester of choline perchlorate, in doses from 
1 to 40 mg per 100 grams, produced “blood} tears” m 15 rats w ithm one minute 
4cet\ lcholme injected intraperitoneall} in quantities of 10 to 30 mg per 100 
grams ga\ e immediate evidence of chromodacryorrhea The chromodam orrhea 
produced b} the nitrate ester was obliterated b\ mtrapentoneal injections of 
atropine sulfate (10 mg per 100 grams) 

SUMMARY 

1 The nitrate ester of choline perchlorate is a stable morganic acid ester 
which mimics many of the pharmacological responses of acet} lcholme 

2 Its depressor potency is approximate!} one-half that of acet} lcholme Its 
depressor effect is obliterated b} atropine but not affected b} the choline esterase 

3 This ester is appioximatel} ten times as toxic to the rat as is acet} lcholme 

4 It is possible that this simple choline ester raa} find application in therapeu- 
tics as a parasympathomimetic drug 
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The loci and mechanism of action of morphine on the central nervous system 
and the reasons for species differences are still incompletely understood. As 
Cushny (1) states, “It is impossible to state any general theory of the action 
of morphine on nerve cells which covers these differences in the behavior of 
different animals and also in the reactions of different nerve centers in the same 
animal.” The generalization that “morphine depresses from above downward 
and stimulates from below upward” (2) is inadequate -since both “depressant” 
and “stimulant” effects can be demonstrated at all levels in the nervous system. 
Inferences regarding the central nervous system action of the drug which are 
based on observations of the effects on intact animals are hazardous since the 
animal reacts as a total organism and it is therefore difficult to distinguish be- 
tween direct stimulant actions, “release” phenomena secondary to selective 
depressions and compensatory reactions. Studies on the effects of morphine 
after ablation of various parts of the central nervous system yield more informa- 
tion concerning its action on specific neurones, although the effects observed may 
not be significant for the intact animal because of the influences, facilitating or 
inhibiting, of the parts removed. 

The literature has been exhaustively summarized by Eddy (3). Of particular 
relevance to this report are the investigations of Joel and Arndts (4) and Tatum, 
Seevers and Collins (5). These authors have emphasized the biphasic actions 
of moderate doses of morphine, namely initial depression followed by excitation, 

') the relative intensity of the two varying with the species. With small doses the 
/ depressant effect may be long and the subsequent excitant action hardly de- 
tectable, but with large doses the initial depression may be very short, convul- 
sions appearing soon after injection. However, as Tatum et nl, indicate, the 
initial action of small or moderate doses is not one of pure depression but the 
activity of some portions of the nervous system is depressed while that of other 
parts is enhanced at the same time. No hypothesis has yet been advanced 
explaining the stimulant and depressant actions in terms of the effects of mor- 
phine on different types of nerve cells or groups of cells which would be valid at 
- all levels of integration. 

The experiments which form the basis of this report constitute the preliminary 
portions of a systematic reinvestigation of the effects of morphine on the central 
nervous system of various laboratory animals and man, and hence will be de- 
scribed in considerable detail. Some of the results on the effects of small and 

1 Present address: U. S. Public Health Service Hospital, Lexington, Ky. 
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moderate doses on acute decorticate, hj pothalamic, decerebrate, spmai and 
chronic spmai cats are m agreement vith reports in the literature but others are 
in apparent conflict Careful consideration of these similarities and differences 
maj help clarify some of the problems concerning the action of single doses of 
morphine on the nen ous system 

Methods Forty-nine cats were studied, distributed as follows intact— 9, acute 
decorticate — 12, acute hypothalamic — 6, acute decerebrate — 6, acute spinal — 12, chromcf 
spinal — 4 In addition, many of the acute spinal preparations were made by preliminary 
deccrcbration followed bj transection of the cord in the mid-thoracic region Such prepa 
rations were decerebrate above the level of transection and spinal below Details of the 
methods used are as follows 

Intact cats were observed before nnd after the injection of morphine either alone or ih 
the company of other normal or morphimzed cats under various conditions such as confine- 
ment in small laboratory cages, glass walled boxes or large observation cages made of wire 
netting The responses of the animal to handling noise, the presence of mice and other 
stimuli were noted 

Decorticate preparations were made essentially as described by Bard (6) Under light 
ether anesthesia the carotid arteries were ligated and the trachea cannulated The scalp 
and temporal muscles were incised and reflected The calvarium was then trephined and 
removed The dura was incised and both hemispheres, except for the pyriform lobes and 
possibly parts of the gjn prorci, were remoxed by dissection with blunt spatulas, leaving 
the corpus callosum and subjacent structures intact Bleeding was controlled during the 
operation by pressure applied intermittently to the vertebral arteries just above the 
transverse processes of the atlas After decortication vertebral artery pressure was dis- 
continued entirely and bleeding controlled by cotton packs The animal was not 
restrained, but the head was supported by a string passed through the cut edges of the 
scalp 

Acute hypothalamic preparations were made bb abo\e, but after decortication, another 
transection was made along an oblique plane from the dorsal aspect of the superior colliculi 
to the optic chiasm, thus removing the basal ganglia, most of the thalamus and the hippo- 
campus on both sides 

Acute decerebrate animals were made by exposing the cortex as already described 
The occipital lobes were then retracted, the falx incised and the brain transected just an- 
terior to the vertical plane between the superior and inferior colliculi, the contents of the 
skull rostral to this plane were removed Observations w-erc carried out in a warm room 
and external heat was applied to the animal during the experiment 

Acute spinal preparations were made by preliminary deccrcbration, follow ed bj transec- 
tion of the spinal cord either at the level of the atlaB or the seventh thoracic vertebra 
Artificial respiration w as maintained in the former Chronic spinal preparations were made 
by aseptic transection of the spinal cord at the level of the seventh thoracic vertebra under 
sodium amytal or pentobarbital anesthesia, the preliminary laminectomy being limited to 
one or two vertebrae In some experiments acute spinal animals were prepared for iso 
metric kymographic recording of the knee jerk and the flexor (tibialis anticus) reflex, after 
denervation of all other muscles of the limb The knee jerk was elicited by means of a 
pendulum hammer w hich could be made to fall from a fixed level at any desired interval 
The tibialis anticus flexor response was obtained by stimulation of the homolateral plantar 
or internal saphenous nerves b> single break shocks obtained from a coreless induction coil 

The dose of morphine used in most of the experiments w as 6 mgm per kg Observations 
were also made on the effects of doses ranging from 2 15mgm perkg The route of adminis- 
tration was usually intrax enous, a 1 % solution being used and injected slow 1} over a period 
of two to five minutes Experiments were also made with subcutaneous injections in 
preparation of each type In several experiments the femoral or carotid artenes were 
cannulated for kymographic recording of the blood pressure 
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The loci and mechanism of action of morphine on the central nervous system 
and the reasons for species differences are still incompletely understood. As 
Cushny (1) states, “It is impossible to state any general theory of the action 
of morphine on nerve cells which covers these differences in the behavior of 
different animals and also in the reactions of different nerve centers in the same 
animal.” The generalization that “morphine depresses from above downward 
and stimulates from below upward” (2) is inadequate since both “depressant” 
and “stimulant” effects can be demonstrated at all levels in the nervous system. 
Inferences regarding the central nervous system action of the drug which are 
based on observations of the effects on intact animals are hazardous since the 
animal reacts as a total organism and it is therefore difficult to distinguish be- 
tween direct stimulant actions, “release” phenomena secondary to selective 
depressions and compensatory reactions. Studies on the effects of morphine 
after ablation of various parts of the central nervous system yield more informa- 
tion concerning its action on specific neurones, although the effects observed may 
not be significant for the intact animal because of the influences, facilitating or 
inhibiting, of the parts removed. 

The literature has been exhaustively summarized by Eddy (3). Of particular 
relevance to this report are the investigations of Joel and Arndts (4) and Tatum, 
Seevers and Collins (5). These authors have emphasized the biphasic actions 
of moderate doses of morphine, namely initial depression followed by excitation, 
the relative intensity of the two varying with the species. With small doses the 
depressant effect may be long and the subsequent excitant action hardly de- 
tectable, but with large doses the initial depression may be very short, convul- 
sions appearing soon after injection. However, as Tatum et al, indicate, the 
initial action of small or moderate doses is not one of pure depression but the 
activity of some portions of the nervous system is depressed while that of other 
parts is enhanced at the same time. No hypothesis has yet been advanced 
explaining the stimulant and depressant actions in terms of the effects of mor- 
phine on different types of nerve cells or groups of cells which would be valid at 
all levels of integration. 

The experiments which form the basis of this report constitute the preliminary 
portions of a systematic reinvestigation of the effects of morphine on the central 
nervous system of various laboratory animals and man, and hence will be de- 
scribed in considerable detail. Some of the results on the effects of small and 
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and could not be elicited by any stimuli Brady cardia and slow mg of respiration 
appeared during or occasionally a minute or two after mtra\enous injection 
Ko cyanosis or pallor of the bucal mucosa or tongue w ere observed Except for 
small, transitory fluctuations during the first few minutes following intravenous 
injection, the blood pressure was not altered significantly The pupils became 
dilated a few minutes after injection and this was reduced only slightly by section 
of the cervical sympathetic trunk Righting reflexes and running movements 
were abolished A striking effect m most experiments was the early appearance 
of marked extensor rigidity of the forelegs Frequently the tonic neck and 
labyrinthine reflexes of Magnus and De Kleijn could be demonstrated, the whole 
picture resembling strongly that of a decerebrate preparation In some expen- 
men ts running movements returned approximately one hour after intravenous 
injection but m most cases recov ery did not begin until sev eral hours had elapsed 
and “sham rage ’ did not reappeai until four or fiv c hours after injection In a 
few experiments with larger do«es recovery from the depressive effects occurred 
more rapidly (w ithin an hour) and subsequently running movements appeared 
to be enhanced Injection of a second dose of morphine after recov erv from the 
first would occasionally fail to reproduce the depressive effects of the first dose 
Intravenous injections of subconvulsivc doses of metrazol or ephednne restored 
the picture of sham rage” to a large extent w hen administered during the period 
of morphine depression 

C Acute hypothalamic preparations After recovery from ether the animal 
usually exhibited the classic picture of ‘ sham rage’ , running moy ements, and 
righting reflexes which could not be distinguished by gross inspection from those 
shown by the decorticate preparation except that the pupils were often unequal 
and iinrespon<n\ e to light due, probably , to injury to the protectal region or the 
nerves around the superior orbital fissure 

Injection okmorphme was followed by the same effects as m the decorticate 
preparations except that the abolition of ' sham rage” and running moy ements 
y\as often incomplete and recoy ery was much more rapid, occasionally beginning 
as soon as twenty minutes after completion of the injection The effects of 
second injections and of metrazol or ephednne w ere similar to those seen in the 
decorticate animals 

D Acute decerebrate preparations After recoy ery from anesthesia, marked 
extensor rigidity of all four limbs and the tail appeared regularly The tonic 
and labyrinthine reflexes were readily obtained The pupils vyere usually in 
mid dilatation but unresponsive to light Responses to noxious stimuli were 
inconstant and vanable Frequently there y\as definite diminution m extensor 
tone of the homolateral limb on pinching or clamping the footpads, but on other 
occasions no effect was obsen ed The animal could stand but not walk In a 
few preparations even befoie injections of morphine rhy thmic alternating move- 
ments of the extended forelunbs pivoting at the shoulder, were seen These 
were inhibited by pinching the footpads and this effect was accompanied by 
slowing of respiration and even apnea dunng the application of the noxious 
stimulus 
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Following morphine, the extensor tone of the limbs was enhanced in some 
animals but unaffected in others. Occasionally during intravenous injection 
a tonic extensor seizure was observed. One preparation died immediatelv 
after such an episode; in those that exhibited the phenomena and survived, 
no essential difference from the pre-injection status was seen. The labyrinthine 
reflexes were unaltered by morphine while the tonic neck reflexes were less easy 
to demonstrate in some experiments, but unchanged in others. After the lapse 
of approximately one-half to one hour after morphine, rhythmic alternating 
movements of the forelegs similar to those described above were seen regularly. 
These too, could be inhibited easily by exteroceptive stimuli applied to the fore- 
legs, such as touching, pinching or pressure on the footpads. On the other hand, 
the frequency of these movements was greatly increased by removing such stim- 
uli as for example by holding the animal in the air suspended by tiie head and 
tail. Concomitantly these preparations also exhibited a synchronous twitch 
of the extremities when the table on which they rested was struck suddenly. 
The response was similar to the “startle response" of the intact animal. Reflex 
turning of the head in response to loud and sudden noises or blowing on the face 
or ears was enhanced. The alternating movements of the forelegs, “startle” 
“response" and reflex turning of the head in response to noise and blowing on the 
face, while delayed in onset increased with time. Convulsions, however, did 
not occur with the dose used. 

E. Acute and chronic spinal preparations. In the acute preparation brisk 
knee and ankle jerks as well as active flexor and crossed extensor reflexes appeared 
within an hour after operation. Transection in the midthoracic region was 
observed to have an immediate augmenting effect on the decerebrate extensor 
rigidity of the forelegs. In the chronic preparations the stretch reflexes (knee 
and ankle jerks) and reflexes to nociceptive stimuli (flexor and crossed extensor) 
were active after recovery from barbiturate anesthesia. 

Within a minute or two following injection of morphine the flexor and crossed 
extensor reflexes disappeared, while the knee jerks remained unchanged or were 
slightly enhanced. Records of the knee jerk showed a striking uniformity in 
size of the response after morphine. The tibialis anticus response to single 
faradic break shocks applied to the homolateral plantar or internal saphenous 
nerves were markedly reduced but not abolished. The selective depression of 
the responses to noxious stimuli was seen in all spinal preparations, acute and 
chronic. In the chronic preparations the usual effects of morphine on the intact 
animal were readily apparent above the level of transection of the spinal cord 
concommitant with the changes observed below that level, indicating that circu- 
latory or anoxic changes were not responsible for the changes in spinal reflexes. 
In the acute preparations kymographie records of the blood pressure showed 
no significant change after intravenous injection of morphine. As in other 
preparations the rate of recovery was variable, usually from one to four hours. 
The effects of second injections of morphine after recovery from the fust injec- 
tion, and the effects of injections of mctrazol or ephedrine during the period of 
morphine depression of the flexor reflex were comparable to those observed at 
other levels. 
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Discussion The intra\ enous route of administration of a drug like morphine 
is of advantage in studying effects on acute preparations since the “base line” of 
such animals may change significantly enough within an hour to complicate the 
results On the other hand, the possibility of blood pressure changes m affecting 
the results must be considered since Schmidt nnd Livingston (7) have reported 
that first intravenous injections of morphine causes a marked fall in blood 
pressure m cats and dogs due to a peripheral vasodilator action However 
under the conditions of our experiments such marked changes m blood pressure 
were not observed with the doses used In decorticate cats, following intra- 
venous injection of 5 mgm per kg , an initial drop of twenty to thirty mm Hg 
was observed but the blood pressure rapidly returned to normal and remained 
steadi at or slightly' above the pre-injection level minutes niter completion 
of the injection Furthermore the effects on the central nervous system were 
qualitatively the same with doses of two mgm per kg , which from the data of 
Foster (33) could be expected to cause only' negligible changes in blood pressure 
In our spinal cats intrav enous injection of 5 mgm per kg of morphine caused no 
change m blood pressure at all The pre-injection blood pressure level m the 
acute spinal preparations was already low (usually' sixty to seventy-fi\ e mm Hg) 
and it appears probable that peripheral vascular tone is naturally at a minimum 
m these preparations In one case the blood pressure remained at a steady level 
of 40 mm Hg, yet the flexor reflex and knee jerk were brisk before injection of 
morphine Furthermore control experiments on decorticate and spinal cats 
with subcutaneous injections yielded the same results as were obtained with in- 
travenous injections, except that in the former the effects on the central nervous 
system began to appear 15 or 20 minutes after injection while in the latter the 
changes began almost immediately Conversely , the effects w ere more prolonged 
after subcutaneous injection than after intrav enous injection These observa- 
tions are in accord with the findings of Seevers and Pfeiffer (8) 

The effects of morphine on the intact cat are usually interpreted in terms 
of “stimulation” and are attributed to some peculiarity in the reaction of the 
nerve cells of this species to the drug, although “depressive” effects, such as 
failure to avoid obstacles have been noted (1) On the other hand, Straub (9) 
regarded the ‘ excitant” action on the intact cat as due to a weak cortical depres- 
sant action, “releasing” primitive patterns of behavior Joel and Amdts(4) 
on the other hand held that the sensitivity of the cat to morphine approached 
that of man and that the “stimulant” effects (of 10 to 20 mgm per kg ) were due 
to the fact that such doses were far too high for this species These authors 
claimed to have observed distinct narcotic effects with very small doses (0 1- 
0 2 mgm per kg ) This has been denied by Eddy (3) Our observations are 
m general agreement with those of Joel and Arndts On the other hand some 
of the “excited” behavior of the cat after injection of even small doses (5 mgm 
per kg ) such as the mad scrambling to escape when handled or confined m a 
small cage, fear of the experimenter and darting under radiators and other ob- 
jects when released, appear to represent disintegration of adaptive behavior 
(10), rather than “stimulation ” Such behavior could be due to depressive 
effects exerted selectively on the integrative functions of the cortex as well as 
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elsewhere in the nervous system. An analogy may be drawn between the ex- 
citant effects of small doses of alcohol on some human individuals and the action 
of moderate doses of morphine on the intact cat. However the exaggerated 
motor restlessness and muscle twitches appearing in the latter may be due to 
true delayed stimulant actions of the drug. 

The effects of small doses of morphine on the decorticate cat arc again pre- 
dominantly depressant, while the concomitant “stimulant” effects such as ex- 
tensor rigidity of the forelegs are strikingly like those seen after deccrebration 
in normal cats and can therefore be interpreted as “release” phenomena. De- 
layed stimulant actions such as were seen by Joel and Arndts after injection of 2 
mgm. per kg. subcutaneously, were not seen in our experiments even after 5 
mgtn. per.kg. On the other hand after 15 mgm. per kg. (subcutaneous) delayed 
running movements appeared which were more active than before injection, 
but which were inhibited rather than augmented by noxious stimuli. It appears 
remarkable that Joel and Arndts did not describe “sham rage” or the effects of 
morphine thereon in their acute “thalamic” preparations. In view of this fact, 
the nature of the stimulant effects observed by them as late as 10 hours after 
injection is open to question, since their appearance may have been due to 
delayed recovery from the operation. Our observations are otherwise in accord 
with the effects they described as characteristics of the “first” or depressant stage. 

The depressant effects seen in our experiments seem to conflict with the 
reports of excitant actions of morphine on chronic decorticate cats by Ham- 
bourger (11) and Brooks, Goodwin and Willard (12). This disagreement is 
probably more apparent than real and may be due to (a) differences in dosage, 
(b) time of onset of observed effects and (c) differences in “base line”, i.e. our 
acutely decorticated animals were very active, exhibiting “sham rage” spon- 
taneously and in response to painful stimuli before injection of morphine, whereas 
the chronic decorticated cats (Hambourger) were quiet. The excitant effects 
reported in the latter consisted in increased muscle tone and running movements, 
not “sham rage”. The importance of dosage is shown by Gimdt’s (13) observa- 
tion that small doses of morphine (0.1 to 0.2 mgm. per Kg.) had depressant ef- 
fects on chronically decorticated cats while larger doses (above 1 mgm. per Kg.) 
caused "excitement”. Amsler’s (14) report on the ineffectiveness of morphine 
as an analgetic after chronic decortication (guinea pigs, rats and dogs) may pos- 
sibly be due to similar factors. On the other hand, Mcttler and Culler (15) 
found that the narcotic effects of morphine on the dog were greatly enhanced 
after decortication. 

The effects observed in the hypothalamic preparations are essentially the same 
as in the decorticate animals except that the duration of the depressant actions 
was usually shorter. This may be due to further “release” of lower centers by 
ablation of the thalamus and striatum or to an action of morphine on these struc- 
tures which was eliminated by their removal. The first seems to be the more 
likely explanation since the effects of morphine differed only quantitatively from 
those observed in the decorticate animal. It should be emphasized here that 
only the complex skeletal motor components of the “sham rage” pattern, name!) , 
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clawing, snarling, scratching and springing movements Mere depressed b> mor- 
plune, while spontaneous autonomic activity was not so affected Thus, blood 
pressure appeared to be unchanged but the pupils were dilated and some degree 
of piloerection was present c\cn though the animal appeared to be narcotized 
and unresponsive to stimuli after injection of morphine The pulse and respira- 
tion were slowed but these were probably due to medullar}' effects since these 
actions have been observed m acute decerebrated animals (16, 17) Likewise, 
Brooks, Goodwin and Willard (12) reported that morphine hypergl} cemia is due 
to a direct stimulant action on autonomic centers m the h} pothalamus, since it 
was abolished after a lesion was made m the posterior hypothalamus On the 
other hand, the “motor excitement” (running movements ?) produced by mor- 
phine was not abolished b} such a lesion and Hnmbourger (18) obtained incon- 
clusive results by similar procedures, while Masserman (19) found that morphine 
did not alter the excitability of the hypothalamic nuclei to faradic stimulation 
It appears therefore that the h> pothalamic origin of the skeletal motor excitant 
effects reported b} these authors has not been demonstrated conclusively 
Our observations point to the posterior portion of the midbrun as the site of the 
delayed excitant effects (running mov ements) of morphine, m the doses used 

The depression of righting reflexes and appearance of extensor ngidity after 
injection of morphine in the acute decorticate and h} pothalamic animal points 
to the reticular substance of the midbram as another important locus of action 
of the drug However, in view of the work of Hilton and Connor (20) on the 
inhibitory function of the anterior lobe of the cerebellum on decorticate rigidity, 
a depressant effect of morphine on this organ cannot be excluded Furthermore, 
the rigidity seen in our experiments after morphine differs from the ‘decorticate 
ngidit}" of Bard and Rioch (21) since it was not diminished b} pressure on the 
footpads 

The absence of depressive effects on the extensor rigidity of the decerebrate 
■preparation and on the labyrinthine reflexes indicates that the vestibular nuclei 
are not depressed b} morphine The nature of the rhythmic alternating move- 
ments of the forelegs in these preparations is not entirely clear The} resembled 
running movements modified by extensor rigidity and may be analogous to the 
delayed augmented running movements seen after larger doses of morphine in 
the decorticate and h} pothalamic preparations Their greater intensity and 
earlier onset in the decerebrate preparation may be due to further release effects 
consequent to mtercollicular section On the other hand since Bade} and Davis 
(22) produced a ‘ Syndrome of Obstinate Progression” in cats by an electrolytic 
lesion on the interpeduncular nucleus of the midbram, the possibility that these 
running movements are also “release phenomena” is not excluded Whichever 
explanation is correct, it appears probable that the production of running move- 
ments is not due to a specific property of morphine smee Brown (23) described 
“narcosis progression” in decerebrate and spinal animals under chloroform anes- 
thesia and similar movements are often seen during recovery from ether anesthe- 
sia m both dogs and cats 

The absence of depressant effects of morphine on the knee jerk is in conflict 
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with the report of Luckhardt and Johnson (24), who found marked depressant 
effects and with the report of Bodo and Brooks (25) who noted slight depressant 
effects. The experiments on cats performed by Luckhardt and Johnson were all 
done under barbiturate anesthesia, which may have influenced their results. 
On the other hand, differences in dosage may explain some of the discrepancies, 
since our observations were made chiefly with small and moderate doses. Con- 
trary to the statements in most textbooks there is agreement among most modem 
investigators that the flexor reflex is depressed by morphine in both cats and dogs. 
In cats Blume (26) found that small doses depressed the flexor reflex, moderate 
doses had a biphasic action (depression followed by stimulation) while large doses 
augmented the flexor reflex and finally caused tetanic convulsions. In n few 
of our experiments after recover}' from the depressant effects of 5 mgm. per kg. 
of morphine (intravenous) the flexor reflex seemed to be more nctive than 
before injection. 

The differential effect of morphine on nociceptive and myotatic reflexes ob- 
served in our experiments may be explained on the basis that morphine depresses 
pain fibers in the periphery. This explanation while not entirely invalidated, is 
not strongly supported by the available evidence in the literature. Two other 
explanations, while still hypothetical, seem to fit the facts. One, along lines 
similar to those suggested by Tatum, Secvers and Collins (5) would be that 
morphine simultaneously stimulates anterior horn cells and depresses intemuncin! 
neurones. Such differential effects need not be ascribed to any special “dual” 
action of morphine, but could be due to inherent differences (e.g. in metabolism 
or blood supply) in the two types of cells. The other, that the primary action 
of morphine is that of a mild depressant on intemuncial neurones (or on all 
neurones in general), the “stimulant” effects on anterior horn cells being due fo 
“release” of the latter from the inhibitory activity of some intemuncials. The 
importance of the role of the intemuncial neurones in explaining differential 
j i actions of drugs on the spinal reflexes tends to be supported by the demonstration 

/ by Llovd (27, 28) that the myotatic reflex traverses a two neurone arc involving 

no intemuncials while the flexor reflex passes over a multineurone arc involving 
o'nc or more intcmeuroncs. The differential effect of escrine on the reflexes of 
spinal dogs (knee jerk depressed, flexor reflex enhanced) was attributed to the 
effect of the drug on intemuncial neurones by Merlis and Lawson (29). Knbat 
and Knapp (30) have attributed the muscular spasticity often seen in poliomyeli- 
tis to augmented stretch reflexes which they correlated with pathological lesions 
in the intemuncial neurones of the spinal cord. 

The generalization that intemeurones are depressed while motoneurones arc 
stimulated (directly or by release from inhibitory activity) by small doses 
of morphine seems also to be compatible with the effects noted at higher levels. 
Thus righting reflexes, locomotion and the "sham rage" pattern, which are com- 
plex responses undoubtedly integrated through many interneurones, arc de- 
pressed, whereas less complex responses, presumably integrated o%'cr fewer 
neurones, such as the tonic neck and tonic labyrinthine reflexes are unaffected. 
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Similarly, although there may be depressant effects on complex, highly inte- 
grated cortical functions such as learned adaptive behavior (10), the excitability 
of cortical motoneurones is unimpaired (19) or enhanced (31) 

The present m\ estigations did not include studies on the delay ed actions of 
large doses of morphine or its action on the autonomic system, except that 
observed effects were described The explanations advanced for the effects of 
morphine on the somatic ner\ ous sy stem may also be applicable to the autonomic 
centers However, certain special properties which these cells possess by 
virtue of their functions m maintaining homeostasis, such as their increased 
activity in response to stimuli (anoxia, hypercapnia, hy pogly cemia) which de- 
press the somatic nerv ous system (32), and the influences of the "buffer nen es”, 
make the total effects of drugs on these structures more difficult of interpretation 
Likewise, an interpretation of the delayed excitatory effects of morphine must 
take into account not only compensatory reactions to the primary effects of the 
drug but also its metabolic effects, which although slight, may be cumulative 
(e g , anticholinesterase actu lty , pH changes) In i ie\v of these considerations, 
the hy pothe^es nd\ anced are of i alue chiefly as leads for further research and 
are offered at this time solely from that point of i lew 

SUMMARY AND CONCLUSIONS 

1 In the intact cat, small do^es of morphine (2 to 5 mgm per kg ) caused 
changes m behavior which appear to represent disintegration of adaptive re- 
sponses This, m turn, appears to be associated with selective depression 
rather than with "stimulation” of the nerv ous sy stem With larger doses (10 to 
15 mgm per kg) evidence of delayed stimulant actions ("startle response”, 
muscle twitches, spontaneous running) are superimposed 

2 In acute decorticate and hy pothalamic cats, 2-5 mgm per kg of morphine 
depress or abolish the skeletal motor components of “sham rage”, and the right- 
ing reflexes, the effects being more marked and prolonged in the decorticate ani- 
mal In both, the forelegs become rigidly extended, and tonic neck and 
labyrinthine reflexes are often demonstrable With larger doses, the depressant 
effect is shorter, and may be followed by excitatory effects, especially augmenta- 
tion of running mov ements 

3 In acute decerebrate cats, extensor rigidity and the labyrinthine reflexes 
are not altered by small or moderate doses of morphine Delayed excitatory 
effects, such as alternate rhythmic movements of the forelegs, the "startle” 
response, and acoustic reflex turning of the head occur earlier than in other prepa- 
rations an increase in intensity ov er a period of 4-6 hours 

4 In acute and chronic spinal preparations, the responses to nociceptive 
stimuli (flexor and crossed extensor reflexes) are markedly depressed, while the 
responses to stretch (knee and ankle jerks) are either not affected or they are 
slightly augmented by morphine m the dose range studied 



186 


ABRAHAM WIKLER 


5. It is concluded that the action of morphine on the somatic central nervous 
system of the cat may be resolved into (a) selective depression, with consequent 
release phenomena, and (b) delayed excitatory effects. 

6. Theoretical considerations indicate that the ultimate locus of the depressant 
action of morphine may be on intemeurones. The excitability of motoneurones 
may be enhanced by a reciprocal mechanism secondary to depression of inhibiting ’ 
intemuncial neurones, or they may be stimulated directly. 

7. Species differences in the reaction to morphine probably are due, not to 
hypothetical differences in the action of the drug on nerve cells, but to (a) differ- 
ence in neural organization, such as the relative preponderance of sympathetic 
and parasympathetic, facilitating and inhibiting mechanisms, and (b) differences 
in the concentration of the alkaloid necessary to produce comparable effects. 
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The discovery (I, 2) that morphine is excreted chiefly in a bound form led to 
speculation as to the nature of the conjugate and its possible pharmacologic 
action. Conjugated morphine has not yet been isolated. This paperconcems 
the results of studies of a theoretically possible form of bound morphine. Since 
morphine contains a phenolic hydroxy], and since many such compounds may be 
excreted as glucuronides or sulfuric ethers, it would be logical to expect morphine 
to be excreted as either of these or as a mixture. Oberst (3) has shown that 
there is a close correlation between the urinary excretion of glucuronic acid and 
bound morphine. Attempts to isolate bound morphine from urine or to syn- 
thesize morphine glucuronide have thus far been unsuccessful. However, mor- 
phine sulfuric ether, a bound form of morphine, was synthesized by Stolnikow in 
1884 (4). Recently Dr. L. F. Small of the National Institute of Health pre- 
pared sufficient amounts of this substance 5 for study. In some instances the 
potassium salt 3 * of this compound was used because of its greater solubility. 

' Urinary excretion studies were made for free and bound morphine in 2 tolerant 
and 9 non-tolerant dogs, in 1 morphine addict, 10 post addicts and 2 non-addicts. 
Morphine sulfuric ether was also tested in 2 patients at the 30th hour of the 
withdrawal period to determine whether or not it relieves abstinence signs or 
symptoms. 

Methods. Morphine sulfuric ether is very slightly soluble, therefore weighed amounts 
were dissolved in sufficient boiling isotonic saline to make solutions having a concentration 


1 Now with Wm. S. Morrell Co., Cincinnati, Ohio. 

s Morphine sulfuric ether is a white crystalline dihydrate. It is practically insoluble in 
cold water; its solubility in hot water (95°C.) is 0.5 parts per 1000 parts of water. It is 
readily soluble in alkali and turns brown in 0.2 M. sodium carbonate after a few days. Its 
specific rotation [a j” in 0.2 M. sodium carbonate is —84.1'’ (C = 1.14). The dry product 
hydrolyres slowly over a period of time, about 40 per cent in 2| years. 

1 Potassium sail of morphine sulfuric ether: One gram of morphine sulfuric ether, dis- 
solved in 10 cc. 95 per cent ethyl alcohol, was added with shaking to a warm solution of 0.5 
grams of potassium hydroxide in 50 cc. of 95 per cent ethyl alcohol. The solution was at 
first clear but in a short time became cloudy as crystals of the potassium salt began to 
appear. Fifty cc. of 60-70° boiling legroin was added and the mixture allowed to cool. The 
snow-white crystals of the potassium salt of morphine sulfuric ether were removed by 
filtration and first washed with a small amount of absolute alcohol and then with legroin. 

The yield was 1 gram or nearly quantitative. The melting point was above 270°. Analysis 

of the product indicated that it contained no water of crystallization. 
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of approximately 0 5 mgra /cc After cooling to about 40° the solution w as usually admin 
istered intravenously to patients and subcutaneously to dogs No crystals separated out 
of solution at this temperature when used immediately In some of the studies on dogs the 
potassium salt w as given subcutaneously 

On the 9 non tolerant dogs, 0 tests were made with morphine sulfuric ether and 3 with 
the potassium salt The 2 tolerant dogs received only the potassium salt, morphine e\cre 
tion prior to substitution is shown for one of these 

One morphine addict, stabilised on the minimum amount of morphine sulfate needed to 
satisfy physical dependence, was given for 9 days approximated 4 times that amount of 
morphine sulfuric ether and the urinary morphine excretion studied Later it was learned 
that the product administered was about J morphine, derived from the slow hydrolysis of 
the ether after its preparation 

The 10 post addicts studied were patients who had not been dependent on an opiate for 
at least six months In most cases they received only one intravenous dose One patient 
(Me C ) received 75 m gm of the drug 4 times daily for 2J days The 2 non addicts received 
the drug subcutaneously 

The analyses for both free and bound morphine were made according to previously pub 
lislied methods (1, 2) and the results compared with similar studies made with morphine 
The results of the analyses are reported in terms of morphine base, and the corresponding 
morphine base equivalent of the administered dose was calculated to determine the per cent 
excreted 

Results The results obtained on the excretion of fiee and bound morphine 
are shown m table 1 The percentage excretion of free morphine m non tolerant 
dogs after administration of either morphine sulfuric ether or its potassium salt 
ranged from 2 5 to 12 5 and for bound from 26 3 to 51 4 The percentage range 
repoited by Gross and Thompson (5) for morphine. excretion in dogs after 
morphine sulfate is 10 to 20 for free and 65 to 85 for bound The percentage 
excretion for free morphine in tolerant dogs is about the same as for the non- 
tolerant The values for bound morphine in the 2 tolerant dogs were about 28 
per cent of the administered dose Thompson and Gross reported 10 to 20 
for free and 30 to GO per cent for bound after motphme sulfate 
Too few runs w ere made on non-addicts to be conclusive, but it appears that 
excretion is not far different from that in non tolerant dogs In the post-addicts 
the percentage range for free morphine was 2 5 to G 9 and for bound morphine 
from 28 3 to 54 2 The values do not differ greatly from those reported by 
Oberst (2) on morphine excretion, except that more \alues fall in the lower 
portion of this range In one addict studied the excretion of both free and 
bound morphine was decidedly lower than when on morphine sulfate 
No outstanding difference was noted m excretion when the drug administered 
w as either morphine sulfuric ether or its potassium salt 

Discussion Morphine sulfunc ether dihydrate apparently decomposes 
slowly m the dry state over a period of tune Some of the product, about 2, 
years old, has as much as 40 per cent free morphine present The specific 
rotation in 0 2 M Nn 2 C0 3 was —71 5®, a decrease of 12 G° from the \alue found 
when the product was freshly prepared The pure product gn es a negative 
test with the phenol reagent (G) Hydrolvsis liberates morphine which then 
gives a strong positive test with this reagent Morphine sulfunc ether can be 
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TABLE 1 


The excretion of morphine after administration of morphine sulfuric ether 




NO. SUC- 


DOSACE I 

1 

MORPHINE (base) EXCRETION 

TEST 

NUMBER 

DRUQ USED 

CESSIVE 
DAYS DRUC 
ADMINIS- 
TERED 

NO. DAYS 
TESTS 
MADE 

Total I 
alkaloidal , 
salt 

adminis- 
tered 1 

Equiv- 

alent 

morphine 

base 

Free 

Bound 


A. Non-toierant Dogs 


. 




mgm. 


mgm. 

per cent 

mgm. 

per cent 

2SUI 

K salt 


8 

540 


18.3 

4.8 

190.2 

49.8 

3SUI 

IC salt 


8 

1,300 


37.3 

4.1 

472.3 

51.4 

1SUI 

K salt 


3 

160 

113 I 

8.4 

7.1 1 

33.6 

29.7 

1SUI 

MSE. 


3 

160 

114 

14.1 

12.5 

37.9 

33.3 

4SUI 

MSE. 


5 

360 

256 

16.1 


93.5 

36.5 

5SUI 

MSE. 



420 

299 

21.5 


152.9 

51.1 

6USP 

MSE. 



200 

142 

5.7 

4.0 

37.3 

26.3 

7USP 

MSE. 

1 


200 

142 

5.5 


40.0 

28.2 

SUSP 

MSE. 

1 

3 

100 

71 

1.8 


19.2 

27.0 


B. Tolerant dogs 


10SUI 

M.S. 

6 

6 

660 i 

496 | 

42.4 

8.6 

wm 

39.8 


K salt 

6 

6 

660 ! 

467 1 

19.8 

4.2 

WwWm 

27.6 

nsui 

K salt 

6 

9 

840 

594 

J 

33.0 ! 

i 



29.0 


C. Non-addicts 


Hi 

MSE. 

1 

1 

20 


tr 

HI 

m 

35.9 

Ob 

MSE. 

1 

1 

40 


2.3 

H 


55.3 


D. Post-addictB 


Iva 

MSE. 

1 1 



113.8 

4.4 

3.9 

44.1 

38.8 

Ha 

MSE. 

1 


so 

56.8 

2.6 

4.6 

28.3 

49.9 

Iva 

MSE. 

1 


160 

113.8 

3.5 

3.0 

39.7 

35.0 

As 

MSE. 

1 


160 

113.8 

3.9 

3.4 

59.1 

52.0 

Wa 

MSE. 

1 

1 

200 

142.2 

9.9 

6.9 

66.8 

46.9 

De 

MSE. 

1 

■ 

365 

259.4 

16.2 

6.3 

89.7 

34.6 

Me 

MSE. 

1 

B 

100 

113.8 

7.2 

6.8 

36.7 

32.3 

, McC 

MSE. 

3 

Kfl 

750 

533.0 

19.6 

3.7 

155.5 

28.3 

Da 

MSE. 

1 

Aft 

160 

113.8 

3.5 

3.1 

61.8 

54.2 


MSE. 

m ■ 


200 

153.5 

4.1 

2.5 

64.4 

41.8 

St 

M.S. 


wm 

15 






E. Morphine addict 

Th 

M.S. 

7 

m 

■a 

RH 


| 5.5 | 


41.6 

Th 

MSE. 

9 

Hi 

m 

mm 

BB 

| 2.9 1 


23.3 


K salt = Potassium salt of morphine sulfuric ether. 
MSE. = Morphine sulfuric ether dihydrate. 

M.S. <= Morphine sulfate pentahydrate. 
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separated from morphine almost completely by 3 recrystalhzations from hot 
water 

After the test was completed on the addict, it was found that the morphine 
sulfuric ether used contained some free morphine as an impurity The amount 
was not ascertained, but is is belie % ed not to have exceeded 20 per cent when 
the run was made The compound used m the other studies was tested for 
free morphine and when present was remo\ed by 3 recrystalhzations from hot 
water after which less than 1 per cent of free morphine was present 
The excretion of morphine sulfuric ether and its potassium salt m terms of 
free and bound morphine is somewhat lower than that following morphine 
administration It has not been ascertained whether the bound morphine m 
urine is the unchanged substance or w hether it is the form in w hich morphine 
is usually excreted, possibly the glucuromde 
The pharmacological acti\ it\ of this compound apparently is of a low er order 
than codeine It does not produce euphoria in man, its pain threshold raising 
effect as determined by Hardy, Wolff, and Goodell technique (7) is practically 
absent m man and is questionable in dogs Knowlton and Gross (8) reported 
a mild degree of analgesia m dogs with the potassium salt A 200 mgm dose 
did not reheve pain in man, neither did 160 to 200 mgm relieve the withdrawal 
sy mptoms at the 30th hour as previously reported (9) 

The compound given to some patients m amounts of 75 to 1G0 mgm had a 
mild hypnotic action The patients reported a feeling of lassitude and “at 
ease ” \fter 2 \ days of 75 mgm q l d one patient de\ eloped a slight elevation 
in temperature and claimed to hav e ‘ pain in the bones of legs and arms ” The 
medication was then discontinued and patient recovered from these effects 
within a few hours 

The low pharmacological *icti\it\ of morphine sulfuric ether, a readily hy- 
drolyzable bound foim of morphine, suggests that the bound form of morphine 
excreted after the administration of a morphine salt might also ha\e little or 
no pharmacological activity and that the analgesia and euphoria derived from 
morphine may come from either free morphine or one of its degradation products 
which as yet defies detection 


SUMMARY 

The excretion of morphine sulfunc ether and m some instances its potassium 
salt, has been studied in 9 non tolerant and 2 tolerant dogs, and in 2 non addict*, 
1 addict, and 10 post addicts It is excreted in urine as both fiee and bound 
morphine the amounts of which are somewhat lower than that reported for 
morphine per se 

Its pharmacological activity is of a low order, it does not produce euphoria 
m man or reheve pain Neither can it be substituted for morphine m addicts 
nor does it reheve withdrawal symptoms Its pain threshold raising effect as 
determined by Hardy , Wolff, and Goodell technique is practically absent in man 
and is questionable in dogs 
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Oppenheimer (1) observed that the addition of serum to a solution of digitoxm 
marked!} diminishes its toxicity to the isolated frog heart Hoekstra (2), who 
confirmed and extended Oppenheimer’s observation, claimed that, whereas 
rabbit serum completely protected the frog heart, frog serum was entirely 
ineffective Hoekstra’s work was confirmed in part b} Brucke (3) who found 
that frog serum also showed a weak protective action and that this species 
difference was onlv of a quantitative nature The literature on the subject 
has been reviewed bj Lcndle (4) and Wcesc (5) 

Hoekstra (2), without presenting any direct evidence (see also Lendlc and 
Pusch (6)) attributed the digitoxm binding power to the serum proteins Hie 
need for further investigation of this problem was indicated by Schhomcnsum’s 
(7) claim to have isolated from mammalian heart a lipoid fraction capable of 
binding digitoxm In our opinion, the onlj conclusive evidence as to the nature 
of the digitoxm binding substance in serum would be the isolation of a substance 
m question in pure form and the demonstration of its digitoxm binding power in 
vitro Further, it should be possible to recov er the digitoxm quantitative^ frem 
tilts combination In the present stud} we have found our criteria to be 
satisfied by the albumen fraction of serum, insofar as the latter can be regarded 
a homogeneous substance (8) 

Methods Digitoxm The criteria lor the Absolute pun fcj of digitoxm as set forth by 
Windaus and Freese (9) were fulfilled by a sample of crystalline digitoxm kindly supplied 
by the firm 4 Hoffmann La Roche ” Recrystallized from ethyl acetate or watery acetone, 
it had a melting point of 255-256°C For our experiments a stock solution of 0 5% digitoxm 
alcohol was prepared, m our test solutions the final concentration of alcohol never ex 
ceeded 0 8%, a concentration which was found to be without influence on the isolated frog 
heart 

Preparation of serum and serum proteins Rabbit blood was collected in a paraffin wax 
coated cylinder under aseptic conditions and allowed to clot A paraffin covered balance 
weight was placed m the c>linder on top of the clot and this was left in the ice box for 
24-48 hours after which the serum was siphoned off Before use the serum was made iso 
tome for frog tissue by the addition of half its volume of distilled water 

Total serum proteins were obtained by saturating a portion of serum with ammonium 
sulfate and leaving overnight After filtering and washing with saturated ammonium 
sulfate the precipitate w aB dialyzed at 4®C against isotonic Locke s solution 

A Serum globulin was obtained by mixing serum with one volume of saturated ammo 
mum sulfate solution and letting it stand overnight After centrifuging the precipitate 
was washed with half saturated ammonium sulfate and dialyzed as mentioned above Such 
a globulin fraction contains cholesterol and phospholipids 

B Albumen fractions The first albumen portion was obtained by treating the mother 
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liquor from A. with a solution of 0.1N H.SO, in half saturated ammonium sulfate until 
permanent turbidity resulted (8). Toluene wns added and the solution was left at room 
temperature for 24-48 hours. The precipate was collected and dialyzed as before. This 
albumen fraction contained an appreciable amount of cholesterol and phospholipids. The 
mother liquor from the first albumen fraction was further treated with 0.1 N HjS0 4 in half 
saturated ammonium sulfate until permanent turbidity developed; then after standing at 
room temperature for 24-48 hours, it was collected and dialyzed. -This'second albumen 
fraction contains the remainder of the lipids originally found in serum. 

The third albumen fraction obtained by further acidification (pH approximately 5) was 
practically lipid free. When desired all of these albumen fractions were purified by several 
reprecipitations and in some cases crystalline products were obtained. 

Soluble tissue proteins other than serum. Fresh rabbit tissues, namely heart, liver and 
Striated muscle of the hind leg were frozen with liquid air and ground in a chilled mortar to 
a fine powder. A weighed portion was extracted for three hours at 4°C. with five times its 
weight of distilled water, while another weighed portion was similarly extracted with 0.26 
M phosphate buffer 

K.n r Q- _ 2 ., 

IC Hz PO, 

The latter solution was shown by Howe (10) to dissolve the maximum amount of muscle 
proteins. After filtration the solution was dialyzed. The content of all sera and nitrogen 
piotein solutions was determined by the ICjeldnhl method. 

Method of testing digilaxin solutions. The Straub isolated frog heart was used. The 
cannula employed was conical in shape, of such a width that 3 cc. of test fluid rose to a 
height of 4-5 cm. In order to prevent drying, a wet chamber was placed around the heart. 

The frogs used were Rana temporaria, obtained from the region of Damascus, Syria. 

| Male and female frogs were used, since sex differences appeared to have no influence on the 
1 digitoxin response of the isolated frog heart. 

Method for testing the protective action of serum. Eight isolated frog hearts were used to ' 
test each solution. The solution remained for 45 minutes in contact with the heart, after 
which the effect was recorded as (1) no systolic arrest (2) partial arrest, or (3) complete sys- 
tolic arrest. This method made it possible to differentiate digitoxin concentrations below 
1:100,000 with an accuracy of 20-30%. 

Results. Experiments with serum. It was found that occasionally serum 
specimens were toxic to the isolated frog heart, consequently control experiments 
were performed in each ease and only non-toxic sera were tested for their pro- 
tective action. 

The final concentration of digitoxin in the test fluid was in each ease 1 : 100,000. 
This concentration produces complete systolic arrest within 5-10 minutes (see 
fig. 1, A). The same concentration of digitoxin in serum showed a diminution 
in toxicity depending on the season of the year. Complete protection over the 
whole test-period of 60-120 minutes was observed during the cold season, 
whereas during the warm months, a delay of only 20-30 min. in the systolic 
arrest could be obtained. Most of our experiments were performed during the 
cold season. 

Table 1 summarizes the results of one of three experiments on serum and the 
various protein fractions obtained therefrom. There is a positive correlation 
between protein content of serum and its ability to inactivate digitoxin,. Iso- 
lated total serum proteins showed qualitatively the same digitoxin binding 
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power ns serum itself The globulin friction posses cd no protective notion 
whatsoever The albumen fi notions on the other hand exhibited all the pro 
tective action inherent in scrum itself (set, fig 1 if) There was no diffeienoe 
in the protects c powers of the v nnous albumen fi actions Cr\ stilhne albumen 
was as effective as the cmder preparations and no consistent qualitative or 
quantitative differences were observed As shown in table 1 there is no correla- 
tion between lipoid content and protcctiv c action 


A 


A 



0 


Fig 1 Tracings oi Isot atld Frog Hemits Stuxub Technic 

A 3 cc of a 1 100 000 solution ot digitoxin in Locke solution introduced nt arrow result 
ing in complete Bystohc arrest (control) 

B 3 cc of a 1 100 000 solution of digitoxin in a 2% crystalline rabbit scrum albumen 
solution introduced at arrow sho ung complete inactivation of digitoxin 

Soluble proteins of heart h\er and striated muscle obtained as descnbed 
under methods were tested for their ability to tnactivate digitoxin with entirely 
negative results in all experiments peifoimcJ 

7/tc recoiery of digitonn after its combination mill serum prolans Hitherto 
the digitoxin binding power of a substance was measured b\ its ability to protect 
the isolated frog s heal t agam^t a toxic dose of digitoxin A more direct method 
was developed based on the diffusibihty of digitoxin through a cellophane 
membrane 1 1 hus if a 1 33 030 digitoxin solution in Locke s solution is dialyzed 

1 Ccllopl ane bags used i ere \ isking cell dose sn isage casings size 32/3° kindl} supj lied 
by the \ iskn g Corporation Chicago 
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against two volumes of Locke solution at 4°C. for 48 hours, the digitoxin con" 
centration inside and outside the bag are the same and amount to 1 : 100,000 as 
determined on the isolated frog heart. Identical results were obtained if 
1:33,000 digitoxin in 2-3% rabbit serum globulin is dialyzed in a similar manner 
showing that serum globulin does not combine with digitoxin (fig. 2, A). The 
addition of as little as 2% serum albumen to a 1:33,000 digitoxin solution is 
sufficient to prevent the diffusion of the greater amount of digitoxin as evidenced 


TABLE 1 

Serum 12. Dec. 15-22, 19/fl. Pooled serum from three rabbits 



solution 

PROTEIN 

CJJOlES 

TEROL 

PH 05 HAT1DE 

NUMBER 

OT 

HEARTS 

TESTED 

HEARTS 
SHOW- 
ING so 
SYS- 
TOLIC 
ARREST 

HEARTS 

JSROW- 

1NC 

PARTIAI 

ARREST 

HEARTS 

SHOW- 

ING 

COM- 

PLETE 

SYS- 

TOLIC 

ARREST 


Control, digitoxin 
1:100,000 

% 

mg. % 


s 

None 

1 

7 

Whole 

Serum 12 

1.0 

9.4 

Present 

s' 

8 

None 

None 

serum 

Serum 12 

0.5 

4.7 

Present 

s 

0 

2 

None 


Scrum 12 

0.25 

2.35 

Present 

8 

4 

2 

2 


Serum 12 

0.10 

0.95 

Present 

S 

None 

5 

3 

Globulin 

fraction 

Globulin 

3.0 

45 0 

Present 

S 

None 

2 

0 

1st albumen 

Albumen I, pH 5.5 

0.25 

17.3 

Present 

8 

6 

2 

None 

fraction 

Albumen I, pH 5.5 

0.15 

10.3 

Present 

8 

2 

4 

2 


Albumen X, pH 5.5 

0 075 

5.15 

Present 

8 

None 

4 

4 

2nd albumen 

Albumen XI, pH 5.3 

0 25 

4 0 

Trace 

8 

6 

1 

1 

fraction 

Albumen II, pH 5.3 

0.15 

2.4 

Trace 

8 

2 

3 

3 


Albumen II, pH 5.3 

0 075 

1.2 

Trace 

8 

None 

0 

2 

3rd albumen 

Albumen III, pH 5.1 

0 25 

None 

None 

8 

6 

2 

None 

fraction 

Albumen Ilf, pH 5.1 

0.15 

None 

None 

8 

1 

5 

2 

crystalline 

Albumen III, pH 5.1 

0.075 

None 

None 

8 

None 

4 

4 


by the fact that both outside and inside fluids are practically non-toxic to the 
heart (fig. 2, B). 

The protective action of serum proteins has been ascribed to their ability to 
bind digitoxin. Although this hypothesis seemed to be the most plausible, the 
alternative and less likely explanation, the destruction of digitoxin by serum 
proteins, had to be ruled out. 

Digitoxin was added to a measured serum or serum albumen solution to give 
a concentration of 1:33,000. This solution, which is practically non-toxic to 
the isolated heart, was treated with two volumes of cold alcohol with the object 
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of denaturing the serum proteins. After standing 15 minutes the precipitate 
was filtered off. An adequate portion of the filtrate was e\aporated to one- 
tenth its volume in a vacuum desicator over calcium chloride. To this material 





A 





Fia. 2 -Tracings of Isolated Frog Hevrts, Straub Teciinic Dialysis Experiments 
A , 1 .’33,000 digitoxin in 2% rabbit scrum globulin dialyzed against two volumes of Locke’s 
* ' ' 7 ’ : on of digitoxin 

! ■ halysateintro- 

. ■ ■ . * • cc. of alcohol 

■ ■ , ’ digitoxin. 

enough frog isotonic Locke's solution tvas added to make the digitoxin concen- 
tration 1:100,000. After warming for a few minutes at G0°C. the solution was 
tested on the isolated frog heart. This solution had the activity of a 1 : 100,000 
digitoxin solution (fig. 2, C), thus indicating that digitoxin can be recovered by 
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denaturing the protein to which it is bound. Control experiments were per- 
formed by subjecting serum or serum albumen solutions to the same procedure. 
The resulting test solution was found to be non-toxic to the Straub heart. We 
were unable to confirm Hoekstra’s claim (2) to have liberated the digitoxin from 
its protein combination by treatment with alkali to pH 8.3, with saponin, or 
with bile salts in concentrations which were non-toxic to the isolated frog heart. 

SUMMARY 

Rabbit serum protects the isolated frog heart against digitoxin, this protective 
action being solely attributable to the albumen fraction. Furthermore this 
protective action is directly proportional to the protein content of the solution. 
This quantitative relationship, as well as the results of our dialysis experiments, 
indicate that the mechanism of the protective action lies in a combination of 
digitoxin with serum albumen, which can be split and the digitoxin recovered 
quantitatively by treatment with alcohol. Rabbit serum globulin and serum 
lipoids, as well as the soluble proteins of the heart, liver and striated muscle, 
show no protective action against digitoxin. 

The manuscript for this paper was prepared early in 1941. Due to war conditions it has 
not been possible to publish it promptly. Meanwhile a number of papers by Lendle and 
al. (11, 12, 13) have come to our notice dealing with the same subject. Since these articles 
are not available to us, we are in no position to comment on them. 
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Bactericidal or bacteriostatic drugs may affect the metabolism of bacteria 
m various ways The sulfa drugs apparently interfere with certain anabolic 
reactions involving p aminobenzoic acid, methionine and other compounds 
Gramicidin (1) may, depending on the conditions, increase or decrease the oxygen 
uptake of bactcna Certain bactericidal aromatic iodine compounds (2) in- 
crease the oxygen uptake of the tubercle bacillus while others decrease it In 
aerobes, interference with the oxidative metabolism by certain bactericidal drugs 
may lead to an increase or decrease of their oxygen uptake depending on the 
experimental conditions the concentration of the drug and possibly other 
factors such as the age of the culture, and the strain used The recent demon- 
stration (3) that certain diamidines inhibit the growth of bacteria made it of 
interest to investigate the mechanism of this inhibition Preliminary results 
(4) indicated that the oxidative metabolism was affected by these drugs and the 
following is a more detailed study of this effect 

EXPERIMENTAL 

E coh No 6522 of the American Type Culture Collection was growm for 18 
hours at 37° m 200 cc of a medium containing 2% proteose peptone, 0 0% 
NaCl and 200 mg % glucose at pH 7 8 The bacteria were then centrifuged 
and washed once with water containing a few cc of 0 05 M phosphate buffer 
pH 7 8 They were then suspended in phosphate buffer, placed in Warburg 
v essels with \ anous substrates and the oxygen uptake measured m the presence 
and absence of propamidine and certain other diamidines The oxygen uptake 
of the bacteria without the addition of substrates was very small, i e , 15 to 20 
emm of oxygen per hour Previous results (4) indicated that the oxidation of 
nitrogen containing compounds was inhibited by concentrations of propamidine 
which had little or no effect on the oxidation of glucose or pyuaivic acid This 
has been confirmed and the results are shown in table 1 The table also shows 
that it is necessary to meubate the drug with the bacteria before the addition 
of the substrate This latent period probably represents the time necessary 
for the penetration of the drug and occurs also in experiments on the inhibition 
of growth (o) Nephelometric readmgs as well as evidence from the shape 
of the curves showed that no growth occurred in the Warburg v essels 
Both isomers of alanine are oxidized by this strain of E coh at approximately 
equal rates and propamidine inhibits their oxidation equally That it is the 
1 Merck and Co very kmdlj supplied the diamidinea 
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oxidative deamination of aianine which is inhibited is proved by the fact that 
the oxidation of pyruvic acid is not affected under tile same conditions and that 
ammonia production is less in -the suspensions containing the drug than in the 
controls. On the other hand the oxidation of serine is markedly accelerated by 
concentrations of propamidine which inhibit the oxidation of alanine. This is 
also shown in table 1. Ammonia determinations made during the period of 
maximal acceleration show that propamidine increases the formation of am- 
monia in the suspensions, which suggests that it is the oxidative deamination of 
serine that is accelerated. Higher concentrations of the drug will inhibit the 
oxidation of serine. Acceleration of the oxidation of alanine was never ob- 

TABLE 1 

The effect of the time of incubation ( before the addition of substrate) on the action of 2.5 X 
10~ l M propamidine on the oxidation of 1.0 mg. I + alanine and 2.0 mg. dl-serine. 37°. 

pH 7.6 


The effect of propamidine on the oxidation of 1.0 mg. d-alanine, 1.0 mg. glycine, 1.0 mg 
pyruvic acid and 1.0 mg. glucose is also shown. 



1 HOUR INCtfHATION 

2 hour incubation 

TIME 

BP 

HH 

l 4 ala- 
nine 4 
propa- 
midine 

Inhibi- 

tion 

dl- 

seVine 

dl-serine 
4 pro- 
pami- 
dine 


1 4 ala. 

| nine 

1 4 ala- 
nine + 
propa- 
midine 

Inhibi- ! 
tion 

dl- ! 
serine 1 

dl-ser- 
ine 4 
propa- 
mtdine 

■ 

«m. i 

cmm. 

cmm. 

% 

mm. 

cmm. 

r. 

cmm. 

cmm. 

% 

cmm. 

cmm. 

% 


47 

39 

17 

86 

no 

28 

31 

21 

32 

75 

119 

59 


116 

96 

18 

160 

207 

29 

37 

54 

44 

175 

262 

49 

90 

195 

153 

21 

222 

253 

14 

168 

91 

46 

270 

387 

| 43 


300 

215 

28 

321 

340 

6 

257 

129 

50 

: 361 

451 

25 


2 HOtJi 1NCT7BATIQN 


TlttE 

d-ala- j 
nine : 

d-ala- 
nine 4 
propa- 
midine 

Inhibi- 

tion 

pyru- 

vic 

acid 

pyruvic 
acid 4 
propa- 
midine 

Inhibi- 

tion 

glucose 

glucose 
+ propa- 
midine 

Inhibi- 

tion 

glycine 

1 

sly- 
cme 4 
propa- 
midine . 

Inhibi- 

tion 

min. 

cmm. 

cmm. 

% 

cmm. ; 

cmm. 

% 

cmm. 

CMM. 

% 

cmm. 

emm. ■ 

% 

30 

22 

15 

32 

139 

134 

4 

206 

204 

0 

17 

17 

0 

60 

SO 

34 

42 

228 

221 

3 

381 

382 

0 

34 

32 

0 

90 

105 

55 

47 

296 

281 

5 

437 

439 

0 

53 

51 

0 

120 

155 

74 

52 

319 

321 

0 

464 

467 

0 

67 

68 

0 


served although the amount of the drug was varied almost one hundred fold 
(table 2). Concentrations of propamidine which inhibit the oxidation of alanine 
and accelerate that of serine have no effect on the oxidation of glycine which 
is only inhibited at relatively high concentrations. These facts show that a drug 
even under the same experimental conditions can either accelerate or depress or 
have no effect on the oxidation of closely related substances. The oxidation of 
proline is always inhibited by propamidine and therefore behaves like alanine, 
whereas the oxidation of asparagine, like serine, is either inhibited or accelerated 
depending on the concentration of drug. This strain of E. coli does not oxidize 
phenylalanine, leucine, or methionine. 
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Table 2 shows that the inhibition of the oxidation of alanine increases with 
the increase in drug concentration but not proportionally this indicates that 
the rate of penetration as well as the inhibition of the catalyst responsible for 
the oxidation of the ammo acid may \ary with the concentration of the drug 
On the other hand the number of bactena has a definite effect on both the 

TABLE 2 

The effect of different concentrations of propamidine on the oxidation of 1 0 mg l + alanine at 
S7° pH 7 8 

All concentrations of the drug were shaken 2 hours with the E coh before the addition 
of the alanine The final volume in each vessel w as 2 0 cc 


xc rioPAXiDivz 


turn 

S 

S 

| 


■5 


| 




; 


£ 


1 


g 


® 

® 


° 

— 

° 

*-* 

° 

— 

° 


° 

*“• 

c 


° 


mm 

emm 

emm 

% 

emm 

% 

emm 


tmm 

% 

mm 

% 

emm 

% 

emm 

% 

emm 

% 

30 

44 

3S 

14 

33 

25 

30 

32 

32 

27 

30 

32 

28 

36 

7 

51 

0 

100 

60 


94 

14 

82 

25 

71 

35 

69 

37 

63 

42 

57 

47 

14 

87 

0 

100 

90 

192 

161 

16 

142 

20 

125 

35 

113 

41 

102 

47 

94 

51 

27 

S6 

0 

100 

120 

295 

231 

22 

201 

32 

176 

40 

156 

47 

137 

54 

127 

57 

35 

88 

0 

100 

150 

413 

307 

26 

262 

37 

228 

45 

E9 

52 

171 

56 

157 

64 

43 

90 

0 

100 


TABLE 3 

The effect of the relative concenlrafton of bacteria and propamidine on the oxidation of £ Omg 
dl serine and 1 0 mg 1 + alanine 57° pH 7 8 
The volume in each vessel was 2 0 cc The propamidine was shaken for 2 hours with 
the E coh before the addition of the ammo acids 




0 25 CC SUSPENSION OP 

E COU 



0.5 cc 

SUSPENSION OP I COU 


TIME 


o B 



Is 

c 

Is 

c 


E w 

3 c 



£ v 
II 

c 

fg 

e 


| 

+ g 

II 

j! a. 

a 

inhibition 


fj 


+§ 

Js 

j 

! 

is 

c 

|a 


« 

+1 

| 

+ | 

| 

mm 

emm 

emm 

% 

em« 

emm 

% 

emm 

% 

emm 

emm 

% 

emm 

emm 

% 

emm 

% 

30 

30 

18 

40 

43 

82 

91 

67 

65 

67 

43 

25 

83 

160 

93 

141 

70 

60 

87 

48 

45 

10S 

206 

91 

169 

56 

152 

111 

27 

209 

299 

43 

272 

30 

90 

159 

76 

52 

189 

288 

52 

234 

24 

2S5 

187 

34 

336 

347 

3 

333 

0 

120 

243 

112 

54 

263 

323 

23 

282 

7 

419 

261 

34 

390 

384 

0 

357 

-n 


inhibition of the alanine and acceleration of the serine oxidation This is shown 
m table 3 and indicates that a certain number of molecules must be fixed by 
each cell for a certain effect to be obtained Table 4 show s the effect of hydrogen 
ton concentration At pH 6 7 propamidine has much less effect on the serine 
and alanine oxidations than at pH 7 8 which suggests that the unionized molecule 
penetrates more readilj Tinally table 5 shows the effect of three other diami- 
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dines on the alanine and serine oxidations. Pentamidine and stilbamidine are 
almost as effective as propamidine, but phenamidine is almost without action 
in the concentration used. Evidently the number of carbon atoms between 
the two rings is important for the action of these compounds. 

TABLE 4 

The effect of hydrogen ion concentration on the action of propamidine on the oxidation of 1.0 
mg. d + alanine and 2.0 mg. dl-serine. 37° 

The propamidine was shaken for 2 hours with the E. coli before the addition 
of the amino acids 


TIME 

pH 6.7 | 

! pH 7.8 

! 

alanine 

ala- ! 
nine 4- 
propa- 
midine 

inhibi- 

tion 

1 

serine 

serine + 
propa- 
midine 

acceler- 

ation 

| 

ala- 
nine | 

ala- 
nine 4* 
propa- 
midine 

inhibi- , 
tion 

serine : 

serine 4- 
propa- 
midine 

acceler- 

ation 

min. 

cmm. 

cmm. 

% 

cmm. 

cmm. 

% 

cmm. 

cmm. 

% 

cmm. 

cmm. j 

% 

30 

16 


20 


30 

30 

17 

8 

53 

32 

56 

75 

60 

39 


8 


67 

20 

41 

19 

53 

72 

IPS 

52 

90 

72 

64 

11 

95 

103 

8 

79 

30 

l 62 

120 

9 

33 

120 

109 

95 

13 

128 

| 132 

3 

120 

43 

64 

161 

204 

27 


TABLE 5 

The effect of 0.02 mg. each of phenamidine, stilbamidine and pentamidine compared to the 
effect of 0.02 mg. propamidine on the oxidation of 1.0 mg. I + alanine and 2.0 mg. dl-serine. 

S7°. pH 7.8 

The volume in each vessel was 2.0 cc. The drugs were shaken 2 hours with the E. coli 
before the addition of the amino acids. 


TIME 

ALANINE 

+ PEOPA- 

INHIBI- 

4* STILBA- 

INHIBI- 

+ PENTA- 

INHIBI- 

4- PHENA- 

INHIBI- 

MIDINE 

TION 

MIDINE 

TION 

MIDINE 

TION 

MIDINE 

TION 

min. 

cmm. 

cmm. 

% 

cmm. 

% 

cmm. 

% 

cmm. 

% 

30 

44 

29 

34 

31 

30 

31 

30 

46 

0 

60 

112 

71 

37 

78 

31 

75 

33 

114 

0 

90 

199 

125 

37 

134 

33 

129 

35 

199 

0 

120 

302 

175 

42 

; 189 

37 

186 

39 

285 

6 

150 

427 

229 

46 

243 

40 

248 

42 

381 

11 


5ESINE 


ACCELEEA- 


ACCELEEA- 


ACCELEEA- 


ACCELEEA- 



TION 


TION 

■ 


TION 




cmm. 

Cmm . 

% 

; cmm. 

% 

cmm. 

1 c. 

JO 

cmm. 

% 

30 

34 

71 

108 

62 

82 

55 

62 

42 

23 

60 

79 

161 

102 

128 

62 

127 

61 

96 

21 

90 

113 

214 

98 

171 

51 

168 

48 

135 

19 

120 

156 

251 

61 

216 

38 

199 

28 

183 

17 

150 

199 

276 

39 

241 

21 

221 

11 

218 

8 


Kohn (5) found that incubation of propamidine with E. coli in the presence 
.of glucose increased the subsequent inhibition of the growth of the bacteria by 
the drug. It was therefore of interest to determine whether the presence of a 
small amount of glucose during the 2 hours incubation period would increase the 
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subsequent inhibition of the oxidation of alanine In five such experiments such 
an increase u as observ cd four times Thus in the absence of glucose the av erage 
initial inhibition of the alanine oxidation was 20% whereas when 0 5 mg glucose 
w as present during the incubation period the average inhibition w as 33% The 
glucose was completely oxidized before the addition of alanine Glucose or the 
oxidation products apparently increase the penetration of propamidine mto the 
cell 


DISCUSSION 

Since propamidine mterfeies with the oxidation of certain substances by 
E cob in concentrations comparable to those which inhibit growth it is leas on- 
able to conclude that growth is inhibited because of the disturbance m the 
oxidative metabolism The action of the drug appears highly specific, the 
oxidation of some amino acids being inhibited, others accelerated, and some un- 
affected The fact that the oxidations of glucose and pyruvic acid are not 
affected by concentrations that affect the oxidation of amino acids indicates 
that the cytochrome system is not involved Tins assumption is supported by 
the fact that the oxidation of succinic acid is not inhibited by the drug under 
identical conditions 


SUMMARY 

1 Propamidine inhibits the oxidation of 1 proline and of both isomers of 
alanine by E coll Under the same conditions it accelerates the oxidation of 
senne and asparagine although higher concentrations inhibit The oxidation 
of glycine is inhibited but only by relatively high concentrations 

2 The action of the drug requires an incubation period of at least 2 hours 
The presence of glucose during this incubation period increases the subsequent 
effect of the drug 

3 The drug concentration relative to the number of bacteria present deter- 
mines its effect on the oxidation of the amino acids 

4 The oxidation of glucose, pyruvic acid and succinate is not affected by 
concentrations which inhibit or accelerate the oxidation of the amino acids 

5 Propamidine is much more effective at pH 7 8 than at pH 0 7 

G In comparable concentrations pentamidine and stilbamidine aie only 
slightly less active than propamidine but phenamidinc is almost entirely inactive 
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In n previous study (I), u^ing Thiry fistulae in unanesthetized dogs, it was 
ob^erv cd that vagotomy and sympathectomy did not reduce the inhibitory action 
of atropine on intestinal motility Postganglionic sympathectomy resulted m 
some increase m the inhibitory effect of atropine In the present 6tudy the 
actions of phy sostigmme and prostigmme on the denen ated intestine ‘ m situ ’ 
and the interactions of atropine, physostigmme and choline denvatn es ha\e 
been recorded 

Methods Intestinal motility was recorded by balloon methods from cxtrinsically 
denervated Thny fistulae made from the upper jejunum In some cases a mercury manora 
eter was used for recording A balloon volume of 6 to 8 cubic centimeters and balloon 
length of 5 centimeters w as u«ed In other cases volume changes were recorded with a 
constant pressure of 20-25 centimeters of w ater and a balloon length of 5 centimeters The 
intestinal segments were doubly denervated by cutting the nerves in the mesentery and 
along the blood vessels and painting the vessels with carbohc acid in animals already having 
the vagi sectioned at the level of the esophagus and the splanchnic nerves cut and the 
lumbar sympathetic chains removed Completeness of the denervation was indicated by 
failure to elicit the mtestino-intestmal reflexes and by the absence of a pain response to high 
pressure The effects of the drugs w ere studied \i ithm a few day s to several w eeks after the 
mesenteric denervation 

Results I Sensitivity to choline deniatnes during the period of inhibition of 
the denenated intestine produced by atropine A dilution of carbaminoylbeta 
methylcholme was determined which was barely sufficient to produce a definite 
increase in intestinal motility when injected intrav enously from a motor driven 
8ynnge at a rate betw een 1 to 4 cc per minute The effect of the test dose was 
determined before and during the inhibition of the denervated intestine produced 
by intravenous injection of 0 02 mgm of atropine per kilogram Although this 
dose of atropine produces only partial inhibition of the intestine it diminishes 
the response to carbammoylbetamethylchohne Previous analysis of the effect 
of acetylcholine on the intestine (2) has shown that intravenous injection of this 
drug into normal dogs, in doses of 0 025 to 0 200 mgm per hgm , causes a brief 
sharp contraction or spasm which is a result of the direct action of acetylcholine 
on intestinal smooth muscle This contraction is followed by prolonged inhibi 
tion which is the result of sympathomimetic substances liberated because of 
reflex activation of the sympatho-adrenal system and by other mechanisms 

1 Aided by a grant from the John and Mary R Marble Foundation 

* Research assistant on a grant from the General Research Council Oregon State System 
of Higher Education 
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’W hereas, 0.025 to 0.05 mgm. of acetjdcholine per kgm. intravenously is sufficient 
to produce a brief spasm of the denervated intestine in unmedicated animals, a 
dose many tunes as great has no effect on the intestine during the period of com- 
plete inhibition produced by intravenous injection of 0.065 mgm. of atropine 
per kgm. The recovery of sensitivity of the intestine to the excitatory action 
of acetylcholine following atropinization parallels the return of intestinal mo- 
tility. 

The results indicate that a dose of atropine sufficient to inhibit intestinal 
motility is also sufficient to decrease the stimulatory action of choline deriva- 
tives reaching the intestine via the blood stream. 

Therefore, if acetylcholine is being produced in the intestinal wall and any of 
it is acting after local diffusion its effectiveness would be diminished by any 
dosage of atropine sufficient to affect intestinal motility. 

II. Effect of physostigmine and prostigmine on the motility of the denervated 
intestine "in situ."- Both of these drugs (physostigmine salicylate, Merck and 
Co. and prostigmine methylsulfate, Hoffman La Roche) exert a stimulatory 
action on the motility of the denervated intestine when given in doses of 0.01 to 
0.05 mgm. per kilogram. The former amount is near the minimal effective dose. 
The intestine shows a gradual reduction in "diastolic” volume and may develop 
a spasm which allows little or no filling at a hydrostatic pressure of 25 cm. of 
water. The response is illustrated in figure 1. This response lias been recorded 
repeatedly in five animals. 

The response of the denervated intestine to acetylcholine before and after 
administration of prostigmine was recorded repeatedly in two animals. It was 
observed that an amount of prostigmine barely sufficient to have a stimulant 
action on the motility of the denervated intestine invariably results in increased 
duration of the brief spasm of the intestine produced by intravenous injection 
of a test dose, of 0.025 to 0.150 mgm. of acetylcholine per kgm. In some in- 
stances the duration of the spasm is tripled. It may be concluded that an 
amount of prostigmine sufficient to have any stimulatory action on the motility 
of the denervated intestine is also sufficient to potentiate the action of any acetyl- 
choline being produced locally in the intestine and diffusing to its site of action 
or arriving by the blood stream. 

III. The effect of atropine on the action of physostigmine and prostigmine on the 
denervated intestine. The increased tonus or spasm of the denervated intestine 
produced by physostigmine or prostigmine in mild doses may be counteracted 
and subnormal tonus and motility produced by injection of atropine. This 
result is illustrated in figure 1 and figure 2. The dose of atropine needed is small 
and is similar to that required to inhibit the intestine in the absence of prostig- 
mine and physostigmine. The degree of response to a mild test dose of physo- 
stigmine is lowered or eliminated by a dose of atropine sufficient to inhibit the 
motility of the denervated intestine, but motility may be induced by injection 
of more physostigmine. This result is illustrated in figure 2. 

The actions of physostigmine and prostigmine on the denervated intestine 
“in situ” are qualitatively and quantitatively similar to their actions on the 
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innervated intestine. The results may be explained by postulating that these 
drugs exert an excitatory action on intestinal motility exclusive of anti-cholines- 
terase action; or the results may be explained in terms of the anti-cholinesterase 
action of these drugs. In the latter case it would be possible that the acetyl- 
choline is being produced in the intestine by intrinsic mechanisms or, less likely, 
the blood level of acetylcholine is being increased. 

CONCLUSIONS 

Prostigmine and physostigmine exert their characteristic excitatory action 
on the motility of the intestine “in situ” in the absence of the extrinsic nerves. 

Atropine reduces or prevents the excitatory actions of prostigmine and physo- 
stigmine on the motility of the extrinsically denervated intestine “in situ.” 

The minimal dose of the anti-cholinesterases required to stimulate the dener- 
vated intestine is sufficient to potentiate the excitatory action of acetylcholine 
on the motility of the denervated intestine. 

The minimal dose of atropine required to inhibit the motility of the denervated 
intestine is sufficient to reduce or eliminate the excitatory action of acetylcholine 
on the motility of the denervated intestine. 

The results may be explained by postulating that physostigmine and prostig- 
mine exert an excitatory action on intestinal motility exclusive of their anti- 
cholinesterase action. On the other hand the results may be explained in terms 
of the anti-cholinesterase action of these drugs, if it is assumed that there is 
continuous production of acetylcholine in the denervated intestine at a rate 
sufficient to stimulate motility. Finally, the possibility that there is an increase 
in the acetylcholine content of the arterial blood reaching the intestine, even 
though the dose of anti-cholinesterase is small, has not been ruled out. 
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The regulation of a balancing between heat production and heat dissipation 
in maintaining normal body temperature and the disturbance in the balance in 
fe\ er ha\ c recently been discussed fully by Du Bois ( 1) The antipyretic action 
of drugs has been attnbuted to an increase in heat loss rather than to decrease 
in heat production Barbour and Ins co w orkers (2, 3) hav c studied mtcnsiv ely 
factors involved m temperature regulation, particularly changes in blood con- 
centrations In monkeys, subjected to warmed environment or experimentally 
induced fev er, they have shown that the antipy retie action of aspirin mv olves a 
hydration of the blood, leading to increased heat radiation and sweating 
It is generally accepted that the hy pothalnmic region of the brain plays an 
essential role in the heat production and dissipation mechanisms Since sweat- 
ing is a constant effect in the antipyretic action of salicylates, the w ork reported 
here was a study of aspirin effects, particularly, m monkeys with hypothalamic 
legions It was hoped that the expenment would throw more light on the site 
of the regulating areas The procedures adopted follow 

Procedures In the experiments fourteen monkeys (4/a coca mulatto) were employed 
They ranged in weight from 3 8 to G 5 kgm and had been used in the previous work In five 
of them numbers 12 14, 15 1G and 17, hypothalamic lesions w ere produced, they w ere com 
pared with the unoperated animals under the following experimental conditions 

Group C — formal monkeys m prone position on padded board at control room tern 
perature of 23°C (±5°C ) receiving 100 mgm /kgm of aspirin* by stomach tube (15 
observations) 

Group Co — Monkeys with hypothalamic lesions in same position and environment 
as those in Group C and also receiving 100 mgm /kgm of aspirin by stomach tube (5 
observations) 

Group D — formal monkeys tied in prone position on padded board firat at a room 
temperature of 20-23 a C , after a short control period they were placed m a room at 
40 a C dry air, without administration of any drug (10 observations) 

Group Do— Monkeys with hypothalamic lesions in the same position and environ 
ment as in D (5 observations) 

Group G — Febrile monkeys tied in prone position on padded board in room at 23 a C 
(±5°C ) and given 100 mgm /kgm of aspirin at the fever plateau (16 observations) 
Group Go — Febrile monkeys with hypothalamic lesions in the same position and 
environment as in G and also given 100 mgm /kgm of aspirin at the fever plateau (10 
observations) 


1 Aided by a grant from the Fluid Research Fund of Yale Unix ersity School of Medicine 
* Fellow of El Colegio dc Mexico and the Rockefeller Foundation 
*Aspmn, Acetyl Salicylic Acid Merck A. Co , was employed in these experiments 
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In the present experiments we used exclusively as pyrogenic substance 5 cc./kgm. of a 
25% sterile yeast suspension in water injected subcutaneously. Following the injection 
the animal was returned to the cage and left with freedom of movement. By the end of 
three and a half hours the maximum febrile response appeared. At this point observations 
were again made with the animal tied on the padded board. The rectal temperature was 
taken each ten minutes at the same time that the respiratory rate was recorded. The 
quantitative method of sweating estimation during ten minute periods using the same area 
of the left hand of the monkey, has been previously described (3). The normal values 
of the sensible and insensible perspiration of this constant area range between 0.04 and 0.07 
gm. (in water) per ten minute period. This method permits the estimation of differences of 
0.0001 gm. (water). 

Electrolytic lesions of the hypothalamus were made with the use of the Horslcy-Clarke 
instrument with a direct current of 3 M.A. for 30 sec. employing the following coordinates: 
A 151, L3, H-3, H-l ; L li, H-4, H-2, HO;R U, H-4, H-2, H 0; R 3, H-3, H-l. Subsequent 
histological examination demonstrated the presence of bilateral lesions at the level of 
the caudal border of the chiasma involving the anterior hypothalamic area and the anterior 



Photomicrogra ph 1. Monkey #14 


portion of the lateral hypothalamic area, including the region of the median forebrain 
bundle. In one of the animals (#15) the lesions were asymmetrical; on the right (sec 
photomicrograph #2) the damage included the medial portion of the internal capsule (which 
may explain some paralysis of the posterior limbs observed). In the animal #12 (see 
photomicrograph #3) the inconstant results obtained were due to the fact that although 
lesions were placed in the right side in the dorsal part of the anterior hypothalamus, the 
lesions on the left appeared too high. At autopsy this animal also showed symmetrical 
focal lesions of the cortex probably caused by yeast emboli. 

It is necessary to point out the order in which the experiments were performed. Usually 
in this kind of research, observation of the biological response in the same animal under 
different experimental conditions, must be carried out according to a latin square (5X4). 
However, the experiments in the animals with hypothalamic lesions were performed ac- 
cording to the following pattern: 


Co 

Do 

Co 

Do 

Co 

Do 

Co 

Do 

Co 

Do 

Goi 

Goi 

Goi 

Go i 

Goi 

Go* 

Go* 

Go* 

Go? 

Goi 
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This particular sequence a\ oida anj conditioned rcflc\ that could appear in the short 
period of the experiments (2o da>8 between tl c operation and the autopsy of animals) 
I{ the following latin square (5 X 4) had been used 


Co Go! Do Go Co 

Do Co Go* Co Goi « 

Go, Do Co Go, Do L ■ 0, : 

Go* Go* Go, Do Go* 


Go, 




any control experiment performed m animals \ hicli "ere submitted to fever condition 
Group Go, would not be v ilid 1 (.cause tl e nspinn antip\ retie action { ersists bejond the 
period of actual fever and would alter the results 

100 mgm /kgm of aspirin wen gi\en in suspension of 2o cc of water b} stomach tube 
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as indicated in the tables Co and Go. In the G and Go groups the animal received the 
aspirin at the onset of the fever plateau. Its effect was observed fifteen minutes after 
administration. 

As a technique for determining the plasma specific gravity the Falling Drop method 
of Barbour and Hamilton was employed (4). Chlorides were determined according to the 
Van Slyke and SendVoy method (5). The study of the lesions in the hypothalamus was 
made using sections stained by the Weil technique. 

Results. Temperature. During 48 to 72 hours after lesions had been made 
in the anterior and lateral regions of the hypothalmus, the rectal temperature 
of animals with freedom of movement in the cage fell from an average of 39.0°C. 
(30 observations) with an average diurnal variation of ± ,2°C. to an average of 

TABLE Co 

Operated monkeys in control room receiving aspirin at (A) 

(Average of 5 experiments on 5 monkeys) 


TIME (mIS'DTES) 



1° 1 

20 

30 

40 

(A) 

50 

60 

70 

80 

Temperature (°C.) 

3S.4 

38.5 

38.4 

38.4 


38.3 

38.2 

38.2 

38.0 

Respirations per minute . . 

48 

48 

46 

48 


46 j 

47 

47 

47 

Sweat (gm. of H s O) . . 

■rc® 

11113 

■TOM 



(Mi! 

■ETh 


Kid 

Plasma gravity 










Plasma chloride (m.eq/1.).. 

: 

mj| 






IDS j 



TABLE Do 

Operated monkeys in hot room ( 40°C .) at (■) 
(Average of 5 experiments on 5 monkeys) 


TIME (MISUTES) 



10 

m 

o 

El 

□ 



D 

m 

Eg 

wm 

120 

130 

Temperature (°C ) 

37.5 

37.5 , 

37.3 



in 

i 

37.1 

37.5 


38.C 

39.2 

39.7 

Respirations per minute 

38 

39 

39 




39 

44 

45 

m 

44 

46 

48 

Sweat (gm. of HjO) 


.006 

.052 




.037 

.018 

.020 

.034 

.045 

.046 

.054 

Plasma gravity 

1.0303 



HB 


HH 

1.0298 





3.0295 


Plasma chloride 




m 










(mcq/l.) 

109 



i 

i 


10S 
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34.8°C. (10 observations) with individual variations from 34.0°C to 35.3°C. In 
successive days there appeared a progressive rise in the rectal temperature until 
at the end of two weeks the average in 30 observations was 37.3°C. Consider- 
able individual differences were observed on different days in response to the 
changes in environmental temperature. Even several weeks after the operation, 
the animals’ body temperature was quite variable. In the Co group receiving 
aspirin while tied down at a room temperature of 20°C. there occurred a small 
fall of temperature which paralleled the fall that occurred before the operation 
(about ,3°C. in an hour). In the Group Do the rise of rectal temperature in 
response to the hot environment (dry air 40°C.) was more rapid in the animals 
with anterior hypothalamic lesions (0.5°C. each ten minutes) than in the same 
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present. Ranson rarely found it after this type of lesion but noted it frequently 
after posterior lesions. In Aon key # 12 with a single lesion in the dorsal hy- 
pothalamus on the right side and a thalamic lesion on the left, hypothermia did 
not occur. In this monkey there were irregular responses to sweating provoked 
by heat or fever. After bilateral lesions, Ranson did not find sweating in some 
monkeys placed in a hot box temperature of 102° to 104°F. In our operated 
monkeys g 14, 15, 16 and 17, there was an absence of sweat production in re- 
sponse to both environmental heat and fever. 

CONCLUSIONS 

A marked lability of temperature regulation appeared in monkey's after lesions 
in the anterior and anterolateral hypothalamus. The unstable character of 
temperature control was manifested in febrile animals and in response to a hot 
environment. This state was temporary, however, as the animals progressively 
regained their regulatory responses. 

The hypothalamic lesions did not alter the rate of decline of fever produced 
by yeast injection or following aspirin administration. 

The lesions altered the respiratory response to environmental warming and 
fever. In general the three series of operated animals tended to show a more 
rapid respiratory rate than did the unoperated ones. Ih fever in the unoperated 
animals, aspirin decreased the respiratory rate, while in the operated ones, a 
slight increase was observed. 

Sweating, normally present in animals subjected to a high body temperature 
in a hot room, or in fever, practically disappeared after the lesions. 

Higher values in the plasma specific gravity were obtained after the opera- 
tion, although blood dilution in response to heat and fever occurred. Plasma 
chloride values were also elevated after the operation; it is believed that both 
rises were due to loss of water from the blood. 

Anterior and antero-lateral hypothalamic lesions suppressed the sweating 
mechanism of aspirin antipyresis in monkeys. 

The authors wish to acknowledge the help of Miss E. A. McKay and Mr. 
L. R. V. Kerby for their technical assistance in the present work. 
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In 1910, Benda synthesised 2 8 dinminoacndme sulphate and 2 8 dianuno 10 
methyl acndinium chlonde hydrochloride, and in the following year the latter 
was recommended by Ehrlich and Benda for u*e as a trypanocide, it was gi\en 
the name trypaflavine Shortly afterwards its excellent antiseptic properties 
were discovered by Browning, and it was used extensively m the treatment of 
wounds during the War of 1914-1918 under the name acnflavine Although 
2 8 diaminoacncbne sulphate, or proflavine as it is now generally know n, is also a 
good antiseptic, it never acquired the same popularity as acnflavine, possibly 
because, being much less soluble, it w as less convenient to dispense 
Originally, acnflavine was regarded as relatively non toxic with no appre- 
ciable inhibitory action on leucocytes and tissue regeneration when applied in 
bactencidal concentrations It had the great advantage ov er the phenolic anti 
septics m use at the time of retaining its activity in presence of serum and pus 
Its mam disadvantage was that it was relatively slow in action against many 
organisms For many years acnflavine w as widely used as a dressing for w ounds 
and infective Blun conditions and it was also used by the mouth and by irnga 
tion as a genito unnary antiseptic It was also gi\en intravenously in some of 
these conditions, apparently without ill effects About 1932-1933, how e\ er, 
opinion concerning the value of acnflavine underwent a change, and occasional 
reports appeared of toxic manifestations, such as jaundice and liver damage, 
when the drug was given mtrnv enously , it w as also said to cause pun on injection 
and abscess formation These toxic reactions appear to have been due mainly 
to a vanation in the method of manufacture, and an investigation of the process 
led to the introduction m 1935 of a much less toxic form of acnflavine 
Moreover, Gailhot (1) showed that acnflavine as ordinanly prepared is a mix 
ture of 2 8 diammoacndme hy drochlonde and 2 8 dianuno 10 methyl ac 
ndmium chlonde hydrochloride, it is therefore a substance of uncertain 
composition and consequently its properties may vary 
The recognition that acnflavine sometimes produced senous reactions 
prompted Linnell and his colleagues to investigate other denvativ es of acndme, 
and Albert and Linnell (2, 3, 4) descnbed the preparation of several diamino 
acndmes, the bactenological properties of which were investigated by Albert, 
Dyer and Linnell (5), and by Albert, Francis, Garrod and Linnell (6) The most 
interesting of the new compounds proved to be 2 7 diammoacndme monohy dro- 
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chloride. Its relation to proflavine and acriflavine is illustrated by the following 
formulae: b 



2 : t -diaminoacridine 2 : 8-diaminoacridine 

monohydrochloride sulphate (proflavine) 

CH 



2:8-diamino-10-methyl-acridinium chloride hydrochloride 

The new compound had similar bacteriostatic and bactericidal properties to 
proflavine, but was somewhat more toxic to leucocytes and more inhibitory to 
phagocytosis than proflavine. 

Its systemic toxicity was, however, lower, the following values (mg./Kg.) 
being obtained for the L.D. 50: 


2:7-Djnminoacridine monohydrochlorido 

.... 500 

Proflavine. 

200 

Acriflavine 

50 


Suffolk (7) found 2:7-diaminoacridine monohydrochloride to be less inhibitory 
to the acetyl choline effect in the isolated frog auricle than either acriflavine or 
proflavine, whilst Manifold (8, 9) observed a similar result in the effect of the 
compound on the oxygen uptake of brain tissue. Russell and Falconer (10 and 
11), using isotonic solutions buffered to pH 6.2, reported that 2:7-diaminoacri- 
dine monohydrochloride and proflavine, unlike the other compounds tested, did 
not cause haemorrhage or necrosis when applied to the exposed brain of rabbits. 

The application of acridines to wounds has been criticised by several workers. 
Jacoby, Medawar and Willmer (12) found proflavine to be more toxic to fibro- 
blasts, macrophages and epithelia than sulphonamides, whilst Abraham el al. 
(13) tested both proflavine and 2:7-diaminoacridine monohydrochloride for their 
action on leucocytes, and concluded that “the flavines are more toxic than was 
previously supposed, and are not suitable for repeated use in high concentration 
on such lesions as burns.’’ 

Garrod (14), however, pointed out that “if a wound can really be disinfected 
by something which also damages leucocytes, this is a small price to pay for such 
effect; leucocytes are easily and quickly replaced, and unless there is demon- 
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strable damage to fixed tissues as well, this degree of ‘toxicity’ is no bar to useful- 
ness in wounds involving connective tissue and muscle ” 

More recently, Albert, Rubbo and Goldacre (15), Albert, Goldacre and Rubbo 
(16), and Albert and Ritchie (17) prepared and tested a number of monoamino 
acridines, the best of which proved to be 5 aminoacndine hydrochloride This 
compound was investigated more thoroughly by Rubbo, Albert and Maw ell 
(18), who showed that it was as active as proflavine against a number of organ- 
isms although its systemic toxicity was somewhat higher than that of proflavine 
It possessed the advantage of being non staining 
2 7 -Diaminoaendme monohydrochlonde and 5 aminoacndine hydrochlonde 
have now been tested in mtro and in vivo against a number of organisms, and 
their effects on body fluids and tissues have also been investigated The tartrate 
of 2 7 diaminoaendme, prepared by Mr A E Bide and Mr R Peev era, has 
also been tested In addition, following a suggestion made b> Dr G Brownlee 
of the Wellcome Physiological Research Laboratories, 2 7 diaminoaendme base, 
5 aminoacndine base and 2 8 diaminoaendme base were tested to see whether 
they were more innocuous to tissues than the corresponding salts 
Bacteriostatic activity The dilutions of aenflavine, proflavine, 2 7 diamino- 
aendme monohydrochlonde and 5 aminoacndine hydrochlonde required to 
inhibit the growth of vanous organisms, in digest broth, 10% serum broth and 
whole blood were estimated after 24 hours by the usual method The results, 
shown graphically in figure 1, indicate that proflavine and, more so, aenflavine 
are more active against gram positive organisms than the 2 7 diammo and 
5 ammo compounds, whereas the last two proved to be more active than pro 
flavine against gram negative organisms, and only slightly mfenor to aenflavine 
The results also indicate the difference between the effect of protein on aenflavine 
and on the other three compounds, for whereas in only one instance is the activitv 
of aenflavine depressed by addition of blood, this is seldom the case with the 
activity of the other three compounds 

The effect on the bactenostatic activity of varying the pH of the medium in 
which the tests are carried out is illustrated in figure 2, which shows the bac 
tenostatic concentration of the four compounds against Staphylococcus aureus 
in digest broth at pH G G, 7 4, 7 8 and 8 6 The results indicate that the activity 
increases as the pH becomes more alkaline 

Bactericidal activi ly F igures 3 , 4 and 5 indicate the rate at w hich Staphylococ 
cus aureus , B colt, B proteus vulgaris and P$ pyocyanea are killed bj vanous 
concentrations of aenflavine, 2 7 diaminoaendme monohj drochlonde and 5- 
aminoacndine hydrochlonde Thej show that aenflavine is very much more 
rapid in its action against Staphylococcus , but slower in its action on B coh and 
B proteus than 2 7 diaminoaendme hydrochlonde, and that it is more rapid 
than 5 aminoacndine hj drochlonde against these three organisms Agamst Ps 
pyocyanea all these compounds have little bactencidal effect, though 2 7-diam- 
moaendme hydrochlonde and aenflavine are markedly bactenostatic 
The behaviour of 2 7 dtammoacndine monohydrochlonde bj Fleming’s “gut- 
ter” method was compared with the behaviour of aenflavine Two “gutters” 
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chloride. Its relation to proflavine and acriflavine is illustrated by the following 
formulae: 


CH 

h 2 n/V' 


:NI 


\A A / HrHC1 

N 


2 : 7 -diaminoacridine 
monohydrochloride 


CH 

/V VS 


HjN 


N 


nh 2 .h,so 4 


2: 8-diaminoacridine 
sulphate (proflavine) 


CH 

f\ / X/\ 

*\A X 


"V\ 

N 

/ \ 

ch 3 ci 

2: 8-diamino- 10-methyl-acridinium chloride hydrochloride 


The new compound had similar bacteriostatic and bactericidal properties to 
proflavine, but was somewhat more toxic to leucocytes and more inhibitory to 
phagocytosis than proflavine. 

Its systemic toxicity was, however, lower, the following values (mg. /Kg.) 
being obtained for the L.D. 50: 


2.7-Diammoacndine monohydrochlonde .... 500 

Proflavine ... . 200 

Acriflavine . . 50 


Suffolk (7) found 2:7-diaminoacridine monohydrochloride to be less inhibitory 
to the acetyl choline effect in the isolated frog auricle than either acriflavine or 
proflavine, whilst Manifold (8, 9) observed a similar result in the effect of the 
compound on the oxygen uptake of brain tissue. Russell and Falconer (10 and 
11), using isotonic solutions buffered to pH 6.2, reported that 2:7-diaminoacri- 
dine monohydrochloride and proflavine, unlike the other compounds tested, did 
not cause haemorrhage or necrosis when applied to the exposed brain of rabbits. 

The application of acridines to wounds has been criticised by several workers. 
Jacoby, Medawar and Willmer (12) found proflavine to be more toxic to fibro- 
blasts, macrophages and epithelia than sulphonamides, whilst Abraham ei al. 
(13) tested both proflavine and 2:7-diaminoacridine monohydrochlonde for their 
action on leucocytes, and concluded that “the flavines are more toxic than was 
previously supposed, and are not suitable for repeated use in high concentration 
on such lesions as burns.” 

Garrod (14), however, pointed out that “if a wound can really be disinfected 
by something which also damages leucocytes, this is a small price to pay for such 
effect; leucocytes are easily and quickly replaced, and unless there is demon- 
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In intro experiments show ed that all three acridine salts and the corresponding 
basesw ere bactericidal against Cf wclchn, Cl ocdcmaitcns } Cl ictam and Cl novyi 
in a medium contaming meat at a dilution of 1 in 100,000 In glucose broth 
medium, the salts were bacteriostatic against these four organisms m dilutions 
up to 1 in 2,000,000 and the bases up to 1 m 500,000 
Recently Witliell (19) introduced a new expression to describe the bactericidal 
potency of a compound This is the time necessary to reduce the number of bac 



term to 50% of the original count, and is designated L T 50 According to 
Hobbs' and Wilson (20), the method has advantages over the measurement of the 
reaction \ elocity constant (K) in the middle pha^e of grow th The procedure 
as described by Withell w as applied to the acridines except that the substances 
w'ere tested in serum instead of water or saline There were two reasons for 
using serum, first, the aendine bases are sufficiently soluble in serum, though not 
m water, to gne the nece^ary dilutions, and secondly , the organisms retain their 
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viability better in serum than in water or saline over a period up to 3-4 hours. 
During this time the effects of multiplication and inhibition by the 6erum are 
negligible. Ten-ml. quantities of sterile horse serum were introduced intosterile 
pyrex boiling tubes, and solutions of the compounds in dilutions of 1 in 5,000 and 
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per ml. and of B. coli 5,000 per ml. The tubes were immersed in a water-bath 
at 37°C.; 3 drops were removed at intervals by means of standardised Pasteur 
pipettes, transferred to tubes of melted digest agar at 48°C. and the whole poured 
into Petri dishes. The amount of acridine present in the 3 drops of inoculum was 



so small that it could not interfere with the growth of the colonies. The results, 
which are the average of repeated experiments, are given in table 1, the figures 
indicating the value of L.T. 50 in minutes. 

These results indicate that in serum 2:7-diaminoacridine hydrochloride kills 
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Staphylococcus aureus more quickly than the other compounds, and that in gen- 
eral the salts kill more quickly than the bases. The observation that 2:7-di- 
ammoacndine tartrate is much slower in its action than the hydrochloride was 
quite unexpected and, at the moment, inexplicable. 



Trypanocidal activity. 2:7-Diaminoacridine hydrochloride had no effect on 
Trypanosoma eguiperdum, but had some effect against T. gambiense ; after intra- 
venous or intraperitoneal injection about 70% of a group of mice were cured by 
0.1-ml. doses of a 0.1% aqueous solution. This dosage also protected mice in- 
fected with Spirochaeia dutloni when given daily for 6-12 days. 
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Effect on toxins. Zuntz states that acridine derivatives neutralise bacterial 
toxins Experiments on staphylococcus and diphtheria toxins, however, showed 
that 5-aminoacndine hydrochloride, 2:7-diaminoacridine monohydrochlonde 
and acrifiavine had no effect on staphylococcus haemolysin when tested on 
rabbits’ red cells in dilutions of 1 in 500 to 1 in 10,000, and that diphtheria toxin, 
tested on guinea pig’s shin, was not neutralised by dilutions of 1 in 500 to 1 in 
50,000 

Toxicity. The value of L.D. 50 was determined by Mr. M. R. A. Chance and 
Mr. T. R. Middleton, the solutions being adjusted to a pH of about 6 0 by addi- 
tion of phosphate buffer solution Doses were given intraperitoneally at such 
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concentrations that the amount administered per 10-g. body weight was present 
in 0 5 ml. The following values were obtained : 


Acnflavine 65 

2 7 Diaminoacndine monohydrochlonde 300 

5-Aimnoacndine hjdrochlonde 70 mg per kg. 

These results are in agreement with those previously reported. The relatively 
high toxicity of acnflavine is not, therefore, due to the low pH of its solution 
since a similar value for L.D. 50 was obtained with an unbuffered solution. 
Effect in blood and plasma The concentrations of the compounds which just 
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gave no visible precipitate with plasma, and the concentrations which just failed 
to produce haemolysis of a 2% suspension of fresh rabbit red cells were meas- 
ured and are recorded (in nag. per 100 ml.) in table 2, together with the solubility 
of the compounds in saline and the pH of the resulting solutions. 

Tissue culture experiments. Tests were carried out by the slide technique on 
chicken embryo heart. Graded dilutions of the acridine derivatives were added 
to the nutrient plasma, and the rate of growth was noted after 24, 48 and 72 
hours. The results, which are the average of repeated experiments, were ob- 
tained as given in table 3. 

Under the same conditions, sulphapyridine inhibited the growth of fibroblasts 
at 1 in 500, but not at 1 in 1000. It does not follow, however, that the acridines 
are therefore too toxic to be administered locally, as the mechanism of the action 
Of the two groups of compounds is quite different; the acridines are bactericidal, 
and require only one or two applications, whereas the sulphonamides, being 
bacteriostatic, must be applied over a longer period. It is not yet clear to what 


TABLE 1 


SUB STANCE 

STAPH. AUBEUS 

B.COLI 

Temp. 37“C. 

Temp. 21° 

Temp. 37° 

Temp. 21° 

1:5000 

1:10,000 

1:5000 

1 1:5000 

1:10,000 

1:5000 

2:7-base 

85 

150 

>180 

130 

>180 

>180 

2:7-hydrochloride 

9 

9 

35 

4 

20 

15 

2:7-tartrate 

75 

80 


10 

40 


®-base 

75 

105 


4 

35 

15 

o-hydrochloride 

25 

40 

35 

6 

8 

25 

2: 8-base 

55 

105 

100 

12 

12 

15 

2:8-sulphate 

55 

95 

100 

4 

12 

20 


extent observations on the growth of fibroblasts can be used for predicting pos- 
sible damage to the tissue, and for this purpose experiments on artificial wounds 
are probably more suitable. 

Tests on leucocytes. Leucocytes still retained their motility after 1 hour at 
37°C. in 1 in 10,000 solutions of 5-aminoacridine base and hydrochloride, 2:7- 
diaminoacridine base, hydrochloride and tartrate and 2:8-diaminoacridinebase 
and sulphate. They were immobilised by dilutions of 1 in 5000. 

The effect of acridines on the phagocytic activity of leucocytes was tested, 
using a killed suspension of Staphylococcus aureus. Graded dilutions of each of 
the acridine compounds were added to an isotonic salt solution containing a 
leucocyte suspension from peritoneal exudate obtained by injecting guinea-pigs 
with a 0.1% starch-broth. The mixture was incubated for 1 hour at 37°. It 
was observed that a 1 in 10,000 solution of proflavine reduced phagocytosis about 
24%, whilst the 2: 7-diamino and 5-amino compounds in these dilutions were 
without effect. 

Proflavine in a dilution of 1 in 5,000 inhibited phagocytosis still more, whilst 
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the 2:7-diamino and 5-amino compounds in this dilution reduced the activity 
about 50%. 

Animal experiments. The effects of the acridine compounds on tissue were 
compared by injecting 0.2 ml. of a 0.5% suspension of each into both flanks of 
four rabbits subcutaneously. 5-Amino-acridine base and hydrochloride caused 
only local irritation limited to the area of injection; this disappeared in 2-3 days, 
leaving a transitory discolouration of the skin. 2:7-Diaminoacridine base 
formed a depot in the subcutaneous tissue, due to the insolubility of the substance 
and within a few' days this changed into a hard nodule, persisting over a period 


TABLE 2 



SOLUBILITY 

IV SALINE 

pH AT 20*C. 

TLASVA 

EXACTION 

AT 20 "C. 

HAEMOLYTIC 
tTTtCT AT 

20*C. 

2; 7-base 

2;7-HCl 

0.36 

400 

5.8 

0.06 

26 

50 

2;7-tartrate 

1,200 


1.6 

40 

2:8-base 

0.55 


0.1 

0.38 

2;8-Bulphate 

300 

2.2 



5-base 

0.47 


0.25 

4.7 

5-HC1 

142 

6.0 

9 

30 

Acriflavlne 

200 

2.0 

10 

30 


TABLE 3 



DILUTION 


» in 100,000 

1 in 200.000 

Acriflavine 

0* 

+ 

Proflavine 


+ + 

2: 7-Hydrochloride 

+ 

+++ 

5-Hydrochloride 


+ + 


1 in 100,000 

1 in 50,000 

2:8. 2:7 and 5-basea 

+ 

0 


* Few fibroblasts noticeable after 24 hours. 

0, no growth; =h, weak growth; -f-, alight growth; ++, normal growth; +++, good 
growth. 


of 14-21 days; in some animals the skin over the nodule became necrotic. 2:7- 
Diaminoacridine hydrochloride and tartrate produced a transitory pinkish dis- 
colouration of the skin, followed by the formation over the injected area of a 
scab, which separated in the course of a week. 2 : S-Diaminoacridine base pro- 
duced a skin lesion resembling that produced by the 2: 7-base, but the rate of 
absorption was much quicker; the scab resembled that caused by 2: 8-diamino- 
acridine sulphate (proflavine). Proflavine produced more damage to the subcu- 
taneous tissue than did any of the other compounds; the skin over the injected 
area became necrotic in 3-4 days, and a craterlike ulcer covered with a firmly 
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adherent scab persisted for 10-14 days. In an endeavour to explain the more 
extensive damage caused by proflavine solutions, the pH of which is about 2.0, 
the effect of hydrochloric acid solutions of pH 2, 4 and 6 on subcutaneous tissue,' 
was tested. The amounts used (0.2 ml.) did not produce any noticeable damage 
to the tissue, however, and it would there appear that the damaging effect is not 
due to the low pH of proflavine solutions. This was confirmed by the fact that 
injections of a 0.5% solution of proflavine buffered to pH 7.0 also produced 
lesions in the subcutaneous tissue similar to those produced by unbuffered so- 
lutions. 

Effect on wound healing. The skin on the flanks of 6 rabbits was shaved, and 
under general anaesthesia excisions extending into the corium were made; these 
were about 5" in diameter. The wounds were dressed with gauze soaked in a 
0.1% solution of 2:7-diaminoacridine monohydrochloride twice daily for 5 days. 
The process of healing went on satisfactorily, granulation tissue was well vas- 
cularised at the base of the wound in the first few days, and epidermis restitution 
under the crust continued undisturbed. 

In another series of experiments groups of 3 rabbits and 3 guinea-pigs under a 
general anaesthetic were cauterized on the shaved skin of the back with an elec- 
tric iron to produce wounds equal in size. The scab which formed was removed 
after 5 days, revealing a wound of approximately 2 cm. square. The exposed 
wound on one flank was then dressed on alternate days with the powdered acri- 
dine and covered with lint until the control wound on the other flank (which was 
dressed without any antiseptic) had healed; this was approximately 20 days. 
Measurements of the area were made every four days. The application of pow- 
dered proflavine, acriflavine and 5-amino-acridine hydrochloride to the wounds 
produced 5 days previously and from which the scab had been removed prevented 
healing, proflavine being the most and 5-amino-acridine hydrochloride the least 
inhibitory. Acriflavine, and to an even greater extent proflavine and the cor- 
responding base, produced at the base of the wound a thick, firmly adherent 
scab which was difficult to remove. The presence of the powder on the treated 
wound apparently did not interfere with the healing of the control lesion on the 
opposite flank. 2:7-Diaminoacridine monohydrochloride produced only a thin, 
pliable scab, which separated easily from the wound, and the rate of healing was 
only slightly less than that of the controls. The corresponding base was even 
less inhibitory to wound healing, the extent of epithelization being almost identi- 
cal with that of the control wounds. 5-Aminoacridine hydrochloride and the 
corresponding base had a delaying effect on wound healing, but the scab came 
off readily, leaving the ulcer bleeding freely. We noticed that the rate of healing 
of the control untreated wounds was less than in other groups of guinea pigs and 
the amount of bleeding was more extensive. It has yet to be shown if this is a 
systemic effect due to absorption of the compound. 

The effect of the compounds on infected wounds was also tested. Artificial 
wounds in rabbits were infected with fresh suspensions of Streptococcus haemolyt- 
icus and Ps. pyocyanea. The next day and daily thereafter the wounds were 
treated with powdered 2:7-diaminoacridine hydrochloride and acriflavine, and 
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the wounds were e\amined daily for bactena The rate of healing was greater, 
and the granulation tissue looked healthier, with the 2 7- compound than with 
acriflavine, and pus formation continued for a longer period of time ivith ac 
riflavine 

Other experiments were made on rabbits which, aftei laparotomy, had devel 
oped fistulae from which Staphylococcus aureus and Ps pyocyanca were isolated 
Treatment with acnflavme had no effect, but as soon as dressings of 2 7 diamino 
aendine hydrochloride were applied, the pus diminished and granulation tissue 
appeared The Staphylococcus infection cleared up in 2 days, and only Ps 
pyocyanca was recovered from the nearly closed wounds 
Pharmacological properties A preliminary investigation of the action of 2 7- 
diammoacndine hydrochloride, 5 uminoacndine hydrochloride, proflavine and 
acriflavine on plain muscle was made by Mr M R A Chance and Mi T It 
Middleton, using isolated stnps of ileum and uterus in oxygenated Ringer’s 
solution They ha\e also observed the effect of these substances in the blood 
vessels of the ear of amytal anaesthetised rabbits by intravenous injection 
All three substances caused contractions of plain muscle in dilutions from I in 
10,000,000 to 1 in 100,000 

The hydrochlorides of 5 amino acridine and 2 7 diammoncndine had a greater 
effect and acted m lower concentrations than either proflavine or acnflavme 
In addition the 2 7 and 5 amino compounds increased muscle tone 
Discussion Antiseptics should be chemically stable, and there should be as 
wide a difference as possible between the therapeutic and toxic doses They 
may be bacteriostatic or bactericidal, depending on such factors as the con 
centration of the solution used, temperature, time of action, pH of the medium, 
presence of protein in the medium, and the rate of absorption and excretion 
when administered to patients It is obviously an advantage for the com 
pound to be of a non sensitizing character 
The purpose of an investigation such as that now described is to determine 
the extent to which a new compound is likely to be satisfactory when used elm 
ically, the conditions m which it is most likely to be successful, and the nature 
of the nsks to which patients treated with a new and untiicd drug are exposed 
The method of carrying out tn vitro tests has undergone a change m recent 
years The once widely used Rideal Walker test is now held to ha\c a \en 
limited sphere of usefulness, and more refined techniques, such as those of 
Watson, Phelps, Chick and Withell, are preferred Unfortunately , these meth- 
ods often gi\e different results in the hands of different workers, compaiiti\e 
tests, however, earned out in the same laboratory are valuable in helping to 
select a substance for a specific purpose 
An antiseptic which is to be administered locally or parenteially is subject 
to a number of factors in addition to those mentioned above It is, for example, 
liable to be inactivated by enzymes or converted to inert substances by other 
mechanisms of the body Generally also it has to cope with different infecting 
organisms, and it is difficult to predict to what extent it will be effects e in all 
these cases The degree of interference with fibroblast production and leuco 
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cyte activity should also be determined as giving an indication of its possible 
action in the body, and, finally, the action of the drug on various tissues of the 
body must be considered, and the extent of the irritation provoked on injection 
must be determined. Often information about such reactions is of greater 
importance than a knowledge of the actual value of L.D. 50 in animals, although 
this is obviously essential when the drug circulates in the body. 

The results recorded in this paper indicate that both 5 -amino -acridine hydro- 
chloride and 2:7-diaminoacridine monohydrochloride are potent antiseptics, 
and possess certain advantages over acriflavine and proflavine. The in vitro 
experiments show that the 2: 7-diamino-compound will be of advantage where 
a rapid action is required, whilst its relatively high solubility and rate of absorp- 
tion, together with its low systemic toxicity, suggest that it may be of use as an 
oral or systemic antiseptic. Preliminary experiments have shown that it is 
excreted partly unchanged in the urine, and if the concentration is shown to 
be sufficiently high, the substance may be of use as a urinary antiseptic. Both 
2:7-diaminoacridine monohydrochloride and 5-amino-acridine hydrochloride are 
less toxic to tissue than proflavine or acriflavine, and do not interfere with the 
healing of artificial wounds to the same extent. For this reason, both are prefer- 
able to the older antiseptics for routine use, in spite of the fact that they have 
a lower bactericidal activity than acriflavine. 5-Ammoacridine hydrochloride 
has the added advantage of being non-staining. 

Note on chemical and physical propertied. 2:7-Diaminoacridine monohydro- 
chloride, CuHuNa-HCl, forms almost black crystals with a greenish lustre; 
these decompose at 365-370°C. without melting. The compound was prepared 
by a new method recently discovered by Albert (21). 

It has a characteristic absorption spectrum with maxima at 365, 284, and 235 
m/i of which the 284 mg band is the most prominent; at this wave-length Ej^ 
is 2840 calculated as the free base. The value of the extinction coefficient is 
constant between pH 6.0 and pH 3.5 but is lower, with the maximum slightly 
displaced, at lower pH values. In 50% aqueous alcoholic N/100 sodium hy- 
droxide solution the most prominent absorption band is at 273 mu and the ex- 
tinction coefficient is 4600 calculated as the free base. The free base is a golden- 
yellow powder which decomposes at 355°C. and is much less soluble than the 
hydrochloride. Both the base and the hydrochloride give strongly fluorescent 
solutions in alcohol and other organic solvents; the aqueous solutions are only 
slightly fluorescent. 

2:7-Diaminoacridine monohydrochloride has a solubility of 3.3% in water, 
and the pH of its aqueous solutions (0.25 to 3.0%) is 5.6. 

An isotonic 0.1% solution of pH 6.3 can be made by dissolving 0.1 g. of 2:7- 
diaminoacridine monohydrochloride, 0.2 g. of NaH:P0 4 -211:0, 0.2 g. of Naj- 
HP0 4 • 12 H 2 0 and 0.8 g. of sodium chloride in water and diluting to 100 ml. 

Solutions stain the skin and fabric pink or red. The colour can be removed 
from cloth by washing in warm water and dilute bleaching powder solution and 
then rinsing with water. 

Aqueous solutions are not very stable to light and should be stored in amber 
bottles. 
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2 7-Diaminoacndine tartrate, (CijHjjNs)? C^HbOj, is a maroon coloured 
pow der, which decomposes on heating It is extremely soluble in v ater and the 
pH of a 1% solution is 5 6 5 Aminoacndme hydrochloride, CjjH 10 N 2 HC1, 

is a yellow crystalhne substance which does not melt at 355°C It was prepared 
by the method of Albert and Ritchie (22, 23) It is soluble m water to the ex 
tent of I 2%, giving a pale } ellow solution, pH 6 6, its solubility in half isotonic 
saline is 0 1% 

An isotonic 0 1% solution of pH G 8 can be made by dissolving 0 1 g of 5 
ammo acndine hydrochloride, 0 05 g of borax, 1 2 g of boric acid and 0 3 g of 
sodium chlonde in water and diluting to 100 ml 
The solutions, unlike those of the other acridines, do not stain skin or fabric 
A 0 1% solution is yellow with a faint green fluorescence, whilst a 0 001% solu 
tion is colourless, with an intense blue fluorescence In 50% aqueous alcoholic 
N/100 sodium hydroxide solution, it has an absorption spectrum with a mwi 
mum at 262 m#i, at which wave length is 3640 calculated as the free base 
Solutions are more stable to heat and light than are solutions of other acndine 
antiseptics, but they should, nevertheless, be preserved in amber bottles Hie 
free base is a yellow crystalhne substance, m p 234-23 5°C , which is Je^s soluble 
in w ater than the hydrochlonde 


SUMMARY 

12 7 Diarainoacndme monohydrochionde and 5 arainoacridinc h> Srochlo 
nde are active in high dilutions against gram positive cocci (streptococcus, 
pneumococcus, staphylococcus) and spore bearing anaerobes and m lower ddu 
tions against gram positive and gram negative bacilli The presence of blood 
and serum decreases the activity of both compounds to some extent They do 
not neutralise toxin in vitro 

2 Whilst acnflavme is more rapid than 2 7 diaminoacndine monohjdro 
chlonde in its bactencidal effect against staphylococcus, it is slower against 
B coti and B proteus 5 Aminoacndme hydrochlonde is the least rapid of the 
three compounds 

3 In serum, 2 7 diaminoacndine monohydrochionde kills staphylococcus 
more quickly than do 5 aminoacndme hydrochlonde and proflavine, the three 
compounds are approximately equally effective against B colt The salts arc 
in general more rapid in their action than the corresponding bases 

4 2 7 Diaminoacndine monohydrochionde has a low cr, and 5 aminoacndme 
hydrochlonde a higher, systemic toxicity than proflavine, but both compounds 
are less toxic to tissues than proflavine and ncnflavinc The action of the 
bases on tissues was similar to that of the corresponding salts 

5 The 2 7 compound interfered least with the healing of artificial wounds, 
whilst the 5 amino compound was also less harmful than proflavine or aenfla 
vine The order in which the compounds slowed down the rate of healing was 
the same whether the substances were applied in solution or in powder form 

We wish to take this opportunity of thanking both Dr W H Linnell, w ho first 
stimulated our interest in acndine antiseptics and Dr A Albert for their in 
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Bone and Miss B. M. Wilson who made available the compounds used in this 
investigation and Mr. E. V. Welch and Mr. P. W. Muggleton for assistance in 
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Phenol and cresol are manufactured in large quantities for the preparation of 
a great variety of substances, and their handling gives rise to some hazard from 
regularly or frequently repeated exposures, as well as to serious danger from ex- 
tensive accidental contact. For this reason the toxicity of these compounds 
has been made the subject of further investigation. Signs of acute poisoning 
induced by the absorption of phenol and the three cresols are very similar. 
They have .been described accurately by earlier investigators (1, 2, 3, 4, 5) 
whose observations have been well summarized by Ellinger (G). 

Experimental Methods. Rats, rabbits and cats were employed as experimental ani- 
mals. The rats, Wistar Institute stock, were reared in the laboratory; unless otherwise 
specified, they weighed from 100 to 200 gm. Albino rabbits ranging in weight from 2 to 3 
kg. were purchased from a local breeder and kept under observation for about two weeks 
before being used. The cats were stray animals, kept under observation in isolation for 
one month to establish their state of health. Equal numbers of males and females were 
employed in individual experiments. 

A rubber catheter passed through the esophagus was usually used for the oral adminis- 
tration of materials to rabbits. In a few instances, however, the amounts to bo adminis- 
tered were 1 ml. or less, and since it was desirable to avoid dilution of the compound, by 
rinsing of the catheter, the substance was injected directly through the abdominal wall 
into the stomach by means of a syringe and hypodermic needle. A blunt hypodermic needle 
traversing the esophagus, was employed for like purpose in the case of rats. Intravenous 
injections were given at a rate of 1 rol./minute into the marginal ear vein of rabbits. In 
preparation for skin applications, in the case of the rabbits, the hair was clipped very short 
on the belly or the back over an area of about 20 square inches, unless otherwise indicated; 
in the case of rats, the materials were applied without any preliminary attempt to remove 
the hair. All animals were supplied with food and water up to the time of treatment. 

The phenol used was Merck’s reagent quality, and the o-, m- and p-cresols, obtained 
from the Eastman Kodak Co., were from 96 to 93 per cent pure. The melting points of these 
cresols are 30-31°, 10-11°, and 32-34°, respectively. Unless stated otherwise, phenol was 
administered as 2 and 5 per cent aqueous solutions, as emulsions in water containing 10, 
20 and 50 gm. of phenol per 100 gm. of emulsion, and as solutions of water in phenol contain- 
ing 75 or 90 gm. of phenol per 100 gm. of solution. 

The relative toxicity of phenol and the three cresols was determined under conditions 
that were kept identical for all four compounds; that is, in each experiment the same species 
of animals, the same mode of administration, and corresponding concentrations and sol- 
vents, were employed. 

Signs of Poisoning. The first twitching noted in rabbits, rats, and cats to 
which phenol had been administered occurred almost invariably in the extrinsic 
eye muscles and those of the eyelids and ears, then spread to isolated bundles of 
233 
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muscles all over the body, the extremities being the last to be affected. The body 
temperatures of alt animals fluctuated, but for the most part were subnormal. 
Pulse and respiration were increased in rate at first, but later became slow, 
irregular and weak. The pupils were contracted in the early stages of intoxica- 
tion, being dilated later. There was some salivation, and dyspnea was marked. 
Eats usually showed twitching of isolated bundles of muscles and uncoordinated 
movements of the legs until shortly before death. In the case of cats, the con- 
vulsions were marked but they gradually diminished, giving way to a state of 
lethargy and coma. (While in coma the eats could be thrown back into convul- 
sions by auditory stimuli.) Eabbits behaved similarly but showed in addition 
asphyxial convulsions just before death. Most of the animals died in from 15 
minutes to 2| hours, but there were a few late deaths (2 to 7 days) among rats 
and rabbits subjected to cutaneous applications, and also among cats injected 
subcutaneously. The survival time, in almost all cases, varied inversely with 
the size of the dose administered. 

Signs and symptoms of poisoning produced by the three cresols resembled 
those caused by phenol, but on the whole convulsions were less severe, while the 
signs of weakness and collapse, and the depth of coma were more striking. 

Oral adshnistration of phenol. Eabbits were given single doses (0.2S, 
0.42, 0.62 and 0.94 gm./kg.) of melted crystals of phenol or of aqueous solutions 
and emulsions prepared so as to contain 2, 5, 10, 20, 50, 75 and 90 per cent of 
phenol. (The reason for choosing these doses is described elsewhere (7).) The 
results, summarized in table 1, show that there is very little difference in the 
toxicity of dilute and concentrated preparations of phenol when administered 
orally. Lethal effects were produced uniformly by the dose of 0.62 gm./kg., 
sometimes by the dose of 0.42 gm./kg., but never by the dose of 0.28 gm./kg. 

Table 2 summarizes corresponding data for rats, but the preparations adminis- 
tered were limited to those containing 2, 5, 10 and 20 per cent of phenol. The 
first three of these preparations showed the same degree of toxicity, the lethal 
doses (LD«) being 0.53, 0.53 and 0.54 gm./kg., respectively. The 20 per cent 
emulsion was somewhat more toxic, the corresponding lethal dose (LDw) being 
0.34 gm./kg. 

Cutaneous application of phenol. Preliminary studies had made it appear 
that melted phenol crystals or concentrated preparations of phenol, when ap- 
plied cutaneously, were much less likely to produce systemic poisoning and death 
than dilute preparations. (Some of these data are shown in table 3.) The fol- 
lowing experiment, however, demonstrated that this is not the case. It proved 
that the concentration of the phenol does not play the major role. 

An area, by 3 inches, on the abdominal skin of each of a series of rabbits 
was exposed for one hour to a solution containing 7, 75 or 95 per cent of phenol, 
the solution being confined within a chamber attached to the skin by latex. The 
extent of the absorption of phenol was determined by estimating the total phenol 
in the blood taken from these rabbits by heart puncture at the end of the hour. 
(Determinations were made by a spectrophotometric method described ^pre- 
viously (8) .) The values found in the case of seven animals exposed to the 7 per 
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cent solution were 1 1, 2 2, 2 4, 2 7, 3 9, 4 4 and 5 2 mg per 100 ml of blood, 
in the case of sev en animals exposed to the 75 per cent solution of phenol they 
were 1 2, 2 5, 3 0, 3 8, 3 9, 4 7 and 5 1 mg per 100 ml , while m the case of eight 
exposed to 95 per cent phenol they were 2 2, 2 3, 3 2, 3 3, 4 0, 4 3, 4 8 and 6 0 mg 
per 100 ml These data justify the conclusion that the extent of the absorption 


TABLE 1 

Comparable toxicity of aqueous preparations of phenol tn different concentrations 
administered orally to rabbits 



NO OF RABBITS 

DOSE 1 

NO OT DEATHS 

TIME TILL DEATH 

Solution 2 gm phenol and 93 

1 

t”* (it | 

0 42 


survived 

gm water 

2 

0 62 

1 

30 


1 

0 94 

1 

18 

Solution 5 gra phenof and 95 

; i 

0 28 


survived 

gm water 

i 

0 42 

1 

90 


10 

0 62 

9 

30-1 1C 

Emulsion 10 gm phenol and 90 

2 

0 42 


survived 

gm water 

2 

0 62 

2 

40 and 60 


1 

0 94 

1 

25 

Emulsion 20 gm phenol and 80 

1 

0 42 


survived 

gm water 

1 

0 62 

1 

30 


1 

0 94 

1 

45 

Emulsion 50 gm phenol and 50 

1 

0 28 


survived 

gm water 

1 

0 42 

1 

40 


2 

0 62 

2 

30 and 40 

Solution 75 gm phenol and 25 

1 

0 42 


survived 

gm water 

1 

0 62 

1 

20 


1 

0 94 

1 ; 

24 

Solution 90 gm phenol nod 10 

1 

0 28 


survived 

gm water 

2 

0 42 

2 

18 and 36 


1 

0 62 | 

I 

30 

Phenol reagent Merck, heated 

1 

0 28 


survived 

to 40° C 

1 

0 42 

l 

16 


1 

0 62 

l 

16 


of phenol by a unit area of skin is little influenced by the concentration of the 
solution applied, within the limits investigated, but is largely dependent upon 
the magnitude of the shin area exposed 
Subcutaneous, intraperitoneal and intravenous injection of phenol 
The dose of phenol that will kill approximately 50 per cent of rabbits given sub 
cutaneous or mtrapentoneal injections of a 5 per cent aqueous solution is 0 G2 
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TABLE 2 

Comparative toxicity of aqueous preparations of phenol in different concentrations 
administered orally to rats 


NOUS EH. OF RATS USED 

j DOSE 

PER CENT OF DEATHS 

time tile death 


2% aqueous solution 



LDm = 0.53 gm./kg. 





mm. 

5 



25 

10 

i^BZ^B 

40 

15-150 

10 

0.6 

70 

19-50 

10 

0.7 

80 

14-GO 

10 

0.8 

100 

10-90 


5% aqueous solution 



LDjo = 0.53 gm./kg. 


15 

0.4 

7 

20 

15 

0.5 

40 

10-30 

15 

0.6 

73 

3-80 

10 

0.7 

90 

4-50 


10% aqueous emulsion 



LD» = 0.54 gm./kg. 


10 

0.5 

40 

15-35 

10 

0.6 

60 

19-50 

10 

0.7 

90 

10-120 

10 

0.8 

90 

7-60 


20% aqueous emulsion 



LDjo = 0.34 gm./kg. 


15 

0.3 

40 

5-45 

15 

0.4 

60 

15-60 

15 

- 0.5 

100 

5-55 


TABLE 3 


Comparative toxicity of aqueous prepai ahons of phenol in different concentrations 
applied to the abdominal skin of rabbits 
(Standard dose for all concentrations = 2 gm. phenol per kilogram of rabbit) 


DOSE 2 CM /K.C , ADMINISTERED AS 


S UMBER Or PE* CENT 
RABBITS USED OT DEATHS 


Emulsion: 10 gm. phenol and 90 gm. water 
Emulsion: 25 gm. phenol and 75 gm. water 
Emulsion: 50 gm. phenol and 50 gm. water 
Solution: 75 gm phenol and 25 gm. water 
Solution: 90 gm. phenol and 10 gm. water 
Solution: 95 gm. phenol and 5 gm. water 
Melted phenol reagent heated to 40°C. 


Wm 

100 

IB 

90 

B 

90 

KB 

80 

if 

50 

Kfl 

53 

Kb 

30 
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gm /kg , the corresponding lethal dose by intrav enous administration is about 
0 18 gm /kg The lethal dose for cats when injected subcutaneously as a 10 per 
cent solution m olive oil, is approximately 0 08 gm /kg 

Effect of phenol on rats of different ages Two groups of young rats, 
the first 10 days old, the second 5 weeks, were selected, while a third group was 
composed of adult animals Half the rats in each of these groups w ere subjected 
to skin applications of phenol each rat receiving one application of 3 gm /kg , 
each of the others w as gi\ cn 0 0 gm /kg orally The results of these expen 
raents, ^hown m table -4, demonstrate that susceptibility to phenol poisoning was 
greatest in the 10 da) old rats, less in the adult rats, and least m the 5 week old 
animals 

The comparative tomcitv of phenol and o , m and p cresol Tour 
groups of animals were used to determine the relative toxicity of phenol and the 
3 cresols Each of the 4 compounds was mjected subcutaneously, as a 10 per 
cent solution in olive oil, into cats (table 5) o Cresol w as the most toxic, phenol 


TABLE 4 

Difference tn susceptibility of rots of varying ages to phenol (6% agueous aoItiNtm) 
administered orally and culaneously 



H7MBEB Or 
BATS 15ED 

DOSE 

KB CENT 
DEAD 

TIME Tilt DEATH 

Adult rata 

20 

f « /** 

3 0 cutaneoualy 

45 

30-180 min 


20 

0 6 orally 

60 

30- 65 min 

5-\veek old rats 

20 

3 0 cutaneously 

25 

2- 3 hours 


30 

0 6 orally 

30 

30- 90 min 

10 day old rats 

20 

3 0 cutaneouslj 

65 

2- 14 hours 


20 

0 6 orally 

90 

12 24 hours 


and p cresol came next and were of equal toxicity, while m cresol was the least 
toxic "When given orall) to rabbits in the form of 20 per cent aqueous emul 
sions (table 0), phenol was the most toxic, p and o cresol were next and were 
practicall) on a par, while vi cresol was again the least toxic When injected 
into rabbits intrav enouslj (0 5 per cent aqueous solutions), phenol, o and p 
cresol showed the same degree of toxicity, m cresol being again the least toxic 
(table 7) When administered oially to rats in the form of 10 per cent solutions 
in olive oil, o cresol was the most toxic, and was followed by phenol p cresol, 
and finall) m cresol (table 8) 

Comparison of methods for removing phenol from the skin Alcohol 
has been the time honored solvent for removing phenol accidentally spilled upon 
the skin Since the removal of phenol from large areas of the body w r ould 
necessitate the use of large amounts of alcohol, and since previous studies carried 
out in this laborator) had shown that alcohol is absorbed through the skin m 
sufficient quantities to produce poisoning the possibiht) of employing soap and 
water as a substitute was m\ cstigated 
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Phenol (3 gm./kg.) was applied in the form of a 6 per cent aqueous solution 
upon the skin of each of a series of rats. This dose covered about one-sixth of 
the total bodj r surface. The animals were returned to their cages and after 
varying periods of time were washed with 30 ml. of alcohol or with soap and 
water (using cotton swabs). Of 15 rats washed in 15 minutes with a 50 per cent 
solution of alcohol in water, 12 survived, but of 15 rats washed in this manner 

TABLE 5 


Single doses of phenol and cresols (10% in olive oil) lethal to cats, by subcutaneous 

administration 

(One animal was used in each instance) 


DOSE 

PHENOL 

0-CRESOL 

J rrj-CRESOL 

/>-c*tsot 

tmjht* 


houri tilt death 


0.024 


survived 



0.036 

survived 

survived 


survived ~ 

0.055 

survived 

60 


survived 

o.oso 

312 

60 

survived 

120 

0.12 

10 

22 

survived 

84 

0.18 

7 

8.5 

27 

21 

0.28 

2 

3 

4 

4.5 

0.42 

6 


12 

10 

0.62 

8 

7 

7 

s 

0.94 

6 

4 

5.5 

7 


TABLE 6 


Single doses of phenol and cresols (20% aqueous emulsions ) lethal to rabbits , by oral 

administration 

(One animal was used in each instance) 


DOSE 1 

PHENOL 

0-CSESOL 

W-CRESOL 

^-CSESOL 

<">•/* r- 


time lid death 


0.18 | 

survived 




0.28 

survived 



survived 

0.42 

30 min. 

survived 

1 

survived 

0.62 

45 min. 

survived 

survived 

4 hrs. 

0.94 

30 min. 

4 hrs. 

survived 

12 hrs. 

1.40 


40 min. 

8 hrs. 

2 hrs. 

2.10 



90 min. 



after 30 minutes had elapsed, only 6 survived. When 25 per cent alcohol was 
employed for cleaning two corresponding groups of animals, the numbers of sur- 
viving animals were 9 and 4, respectively, but when 95 per cent alcohol was 
similarly used, the numbers of survivors dropped to 6 and 3, respectively. When 
soap and water was employed to remove the phenol and the animals were washed 
in 15 minutes and in 30 minutes, respectively, the survivors numbered 12 and 6, 
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respectively Twenty tv>o rats were subjected to a corresponding application 
of phenol, without benefit of any attempts at the removal of the material All 
these animals died promptly 


TABLE 7 


Staple doses of phenol and cresols ( 0 6% aqueous solutions ) lethal to ra66il» by xnlraienous 
inject ton 

(One animal w as used in each instance) 


DOSE 

PBEKOL 

O-CXESOL 

Ifl CIESOL 

£ -CIESOL 

1" /*{ 


hours 1 II dtalh 


0 OS 

survived 

surv ived 


survived 

0 12 

survived 

surviv ed 

survived 

survived 

0 18 

3 

8 

survived 

15 

0 2S 

2 5 

10 

15 

10 

0 42 



7 



TABLE 8 

Single doses of phenol and cresols ( 10% solution in oltie oil ) lethal to rats by oral 
administration 


(10 rats tv ere used in each instance) 


DOSE 

PUISOL 

(UH» - 1 5 CM /KG ) 

O-CIESOL 

(LDm - 1 35 gu /kc ) 



X" /hi 


per cent dead 


1 0 

0 

20 



1 1 

10 




1 2 

30 

50 



1 3 

53 



20 

1 4 


40 



1 0 

53 


0 

40 

1 6 


60 



I 7 





1 8 

60 

90 


30 

2 0 

80 

100 

40 

50 

2 2 

00 

100 

70 

70 

2 4 



70 

90 

2 7 



90 

100 


CONCLUSIONS 

1 Phenol and o , in and p cresol produce m rabbits, cats and rats the typical 
signs of poisoning, described correctlj bj earlier investigators 

2 The degree of toxicity of orallj administered phenol appears to be deter 
mined primarily , if not whollj , by the absolute amount of phenol present m the 
stomach, dilute and concentrated preparations showed no marked differences 
m toxicity 

3 The extent of absorption of phenol from the skin appears to be determined 
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primarily, if not wholly, by the magnitude of the skin area exposed and not by 
the concentration of the solution in water, within the limits investigated (7, 75 
and 95 per cent, by volume). 

4. Ten-day-old rats are most susceptible to phenol poisoning (oral and cu- 
taneous), 5-week-old rats are least, while adult rats take an intermediate position. 

5. The statements of other investigators that p-cresol is more toxic than phenol 
or either of the other cresols have not been confirmed. All these compounds 
are in the same general range with respect to their toxicity. m-Cresol, however, 
is definitely the least toxic. 

G. Soap and plenty of water is a very effective agent for removing phenol 
from the skin; a 50 per cent solution of alcohol in water is equally satisfactory 
if it is not applied over a large area of the body surface for a prolonged period 
(alcohol is absorbed by the skin and may augment the collapse induced by 
phenol). 
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Although many experiments have been performed m testmg the enteric proper- 
ties of various types of preparations (1-10), it is commonly believed that none 
of the available preparations at present are completely satisfactory Conse- 
quently, the four chemical characteristics of cellulose acetate phthalate 2 which 
indicate its possible usefulness as an enteric material hav e led to the examination 
of its behavior under clinical tests The four properties referred to are as fol- 
lows 1) it is extremely insoluble m acid solutions, 2) it is rapidly soluble in dilute 
alkaline solutions, 3) it will form a coating film, and 4) it is non-toxic These 
properties contain the advantages needed for an enteric coat and the results 
cited below indicate that the material has considerable promise 
In a thorough clinical test of an entenc coating material, two questions arise 
First, does the coating always dismtegrate in the gastro-intestinal tract? Sec- 
ond, does the coating ever disintegrate in the stomach? These questions have 
been attacked separately , the rationale of this approach is given briefly 
Disintegration time A useful enteric coat mu^t disintegrate m the intes- 
tine In practice it is extremely difficult to determine exactly the disintegration 
Bite of a coated preparation However, by radiographic techniques it is rela- 
te cly easy to determine whether disintegration has occurred Thus, to answer 
the first question, the times required for the disintegiation of capsules containing 
BaSO* and BaSO< tablets coated in each case with cellulose acetate phthalate 
have been measured by means of periodic radiographs The subjects used m 
these series of tests w ere for the mo«t part normal, male, medical studen ts Due 
to limitations of time, it was necessary in many cases to discontinue the expert 
ments after about 8 hours Consequently, the answer to this question is not 
gixen as a simple affirmative, but instead is given as the percentages of the 
capsules or tablets which had disintegrated in the 8 hour period No proof was 
obtained in this part of the 6tudy that disintegration had occurred in the intestine 
Disintegration site Having by these radiographic examinations deter- 
mined the approximate time after mgestion at which capsules or tablets disin- 
tegrated m the various subjects, a different technique was employed to obtain 
an answer to the second question As before, because the subjects were rarely 

1 This w ork w as supported in part by a grant from the Carnegie Corporation of N ew York 
* Cellulose acetate phthalate is a mixed ester of cellulose which contains 18 to 23 per cent 
acetyl groups and 2S to 38 per cent hjdrogen phthalyl groups See Malm, C J and For 
dyce C R .Cellulose Esters of Dibasic Organic Acids, Ind A. Eng Chem ,32 405 (1940) 
2il 
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available for protracted periods of observation, most of the experiments were 
limited to about 8 hours. 

The procedure briefly was to record the position of the capsule or tablet by 
fluoroscopic examinations repeated at short intervals. When the capsule or 
tablet had shifted from a position which had been previously identified as within 
the stomach, a drink of BaS0 4 preparation was administered and a radiograph 
made. By demonstrating that the capsule or tablet was either (a) intact and 
outside the stomach, (b) intact and within the stomach at the end of the experi- 
ment, or (c) in a few cases lost by disintegration in the period between examina- 
tions, a reasonably satisfactory answer to the question was made. Of course, if 
the capsule or tablet had disappeared between examinations, no conclusions were 
possible as to the site of disintegration. If the coated preparations were intact 
and within the stomach at the termination of the test, the ability of the coating 
to withstand exposure to gastric fluids for extended periods was demonstrated. 
The observation of the capsules or tablets outside the stomach is proof of the 
completion of the first requirement of an enteric coat, viz., that it does not break 
down in the gastric fluids. Outlining the stomach lumen with a drink of a 
barium meal and recording on a radiograph that the capsule or tablet was not 
in the stomach gave objective evidence that the preparation had passed through 
the stomach and was still intact. Unfortunately, after ingestion of the barium 
meal, the radiopaque material becomes spread along the gastrointestinal tract 
and prevents the observation of the subsequent disintegration of the coated 
preparation. However, this lack is not important because the disintegration 
characteristics of the preparation had already been established in the disintegra- 
tion time studies. 

Disintegration time studies. In an exploratory series, radiographs were 
taken on a group of 15 subjects, mostly normal, male medical students, at the 
times after ingestion indicated in table 1. Each subject took two capsules con- 
taining BaSO< after breakfast or after lunch as indicated. Radiographs were 
made, with the subjects prone, at hourly intervals after ingestion of the capsules. 
In the table some effort was made to indicate the location of the capsule — that is, 
whether it remained in the stomach or had apparently moved into the intestine. 
In the light of the studies to be reported below it is probable that many of the 
cases marked as “I” indicating that the capsule had moved into the intestine 
were erroneous guesses. 

Several interesting points arise from consideration of the data in table 1. 
Certain subjects have a much more rapid disintegration time than others, for 
example, in each of three tests on J. E. both tablets had disintegrated three hours 
after ingestion, whereas for J. P. seven hours were required in each of two tests. 
In general, most of the tablets disintegrated in the fourth and fifth hours. Thus, 

6 per cent of the capsules disintegrated in the fourth hour, an additional 48 per 
cent disintegrated in the fifth hour and by the end of the sixth hour 72 per cent 
had disintegrated. From these data, a schedule of two examinations at the 
fourth and at the eighth hours, respectively, was chosen for later studies instead 
of the hourly schedule. 



CELLULOSE ACETATE PHTHALATE 

In table 2 are gn en the data on the disintegration times obsen ed for various 
enteric preparations as indicated This table also includes the data from table 1 

TABLE 1 
Diainfe^rahon time 

Data on patients ingesting cellulose acetate phthalate enteric capsules containing 
BaSO* and snow ing the hours after ingestion when disintegration occurred 
Lot #14564 3 minim enteric capsule Gelatin Products Co 



Gil 180730 4/11/42 

JP 180748 4/11/42 

4/18/42 

DS 180756 4/11/42 

4/18/42 


SS I SI I II 


SS SS SS 
SS SS SS 


SS IX W AL 
SS S\ XX AL 


DS 180756 4/11/42 5 SS SS SS SS? 

4/18/42 5 SS SS SS SS? 

EW 180761 4/11/42 ~ 6 SS SS SS SS 

_ 4/18/42 6 SS SS SS II 

Bt\ 180765 4/11/42 6 SS SS II IP 

LS 180754 4/18/42 5 SS SS SS SI 

DW 180764 4/18/42 5 SS 


I\ \\ 
PP PP 


XP XX 

\x 


SS SS SS IP 


* AB = aftci 

t Key S *= , 

tegrated, \ = 

Usmg tablets coated with cellulose acetate phthalate 
seven series of tests w ere made on five products 83 


1 = capsule partially disin 

as well as enteric capsules, 
patients were followed in a 
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total of 226 tests. The number of capsules or tablets which disintegrated hour 
by hour is shown up to the eighth hour. Since many of these tests were run 
only at the fourth and eighth hours, preparations which disintegrated in the 
interval appear under the eight-hour column. Nevertheless, the clear-cut tend- 
ency for the disintegration to occur most frequently in the fourth to sixth hours, 
inclusive, is shown. A total of 15 of the 1G6 capsules or tablets had not disin- 
tegrated at the termination of the experiment (eight hours). 

TABLE 2 


Data on disintegration times of various enteric preparations as shown by radiographic 

examinations 


DATE 

MATE- 
RIAL i 
TESTED 

NO. 

PA- 

TIENTS 

NO. 

TESTS 

NO. DISINTEGRATED IN NR. 

NO. NOT DISINTEGRATED AFTER HR. 

1 

2 

□ 

a 

□ 

6 

7 

8 

D 

2 

3 

4 

s 

6 

7 

8 

3/10-4/10 

A 

3 

16 

2 

3 

3 

3 

1 

4 

2 










7/18? 

A&B 

18 

20 




4 

17 

6 

6 









2 

7/25 

A 

11 

14 



1 

15 

1 



2 





1 



2 

7/30 

C 

12 

24 








2! 








22 

8/5 

D 

12 

16 

19 of 24 in 12 hrs.: 21 of 24 in 16 hrs. 






8/6 

D 

12 

24 




i i 




1 10 




23 




13 

8/1 

E 

13 

21 



l 2 

10 


2 


1 6 








6 

4/18 

F 

12 

66 





8 

10 









6 


4/11 

F 

12 

62 



2 

2 

EE 

8 








2 



8/11 

G 

14 

27 




7 




14 








5 


H 

12 

24 

i 

1 


j 



! 









24 

Totals* 

5 

83 

226 

2 

3 

8 

41 

37 

E 

8 

22 








15 

Totalsf 

2 

36 

64 






1 


12 



1 





A — Squibb, 11 gr. BaSO., C.A.P. coated tablets. 

B — Squibb, 3 gr. BaSO«, C.A.P. coated tablets. 

C — Squibb, 11 gr. BaSCL, “regular” coated tablets. 

D — Squibb, 3 gr. BaSO<, “regular” coated tablets. 

E — Strasenburgh, 5 gr. BaSCL, C.A.P. coated tablets. 

F — Gelatin Products Co., 3 m. BaSCL in oil, enteric capsules (14564). 

G — Gelatin Prod. Co., 3 m. BaSO< in oil, enteric capsules (17108). 

H — Gelatin Prod. Co., 3 m. BaSOi in oil, enteric capsules (16456). 

Footnote: Dosage not same in all cases so no math, check. 

* For C.A.P. enteric preparations (omitting H). 

t For “regular” enteric preparations. 

Using two sizes of “regular” enteric coated tablets, three tests made on 36 
patients involved 64 radiographic examinations. In this series only 12 of 72 
tablets had disintegrated at the end of eight hours; however, 21 of 24 had dis- 
integrated in 16 hours. 

The Gelatin Products Company submitted three lots of enteric capsules, of 
which one lot (II, table 2) was completely unsatisfactory . Of the other two lots, 
one (G) showed 25 per cent disintegration in four hours and 82 per cent in eight 
hours. The other (F) showed 26 per cent disintegration in four hours and 100 
per cent in eight hours. E. R. Squibb and Sons submitted two lots of cellulose 
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acetate phthalate coated tablets From one lot 92 per cent had disintegrated 
in four hours and no more m eight hours The R J Strasenburgh Company 
submitted one lot of cellulose acetate phthalate coated tablets of which 42 per 
cent disintegrated in four hours and 79 per cent in eight hours In comparison 
the “regular” enteric coated tablets prepared by Squibb showed 8 and 42 per 
cent, respectn el> , disintegration at eight hours in tw o tests, and m a third test 
79 per cent at 12 hours and 88 per cent at 1C hours 

The answer to the first question can now be made Docs the coating always 
disintegrate in the gastro-mtestmal tract? Tests on fiv e products In! e shown 
that 79 to 100 per cent of the capsules or tablets disintegrated within eight hours 
after ingestion Enteric preparations using cellulose acetate phthalate are 
judged to be satisfactorv in their disintegration time characteristics 

Site of disintegr vno\ In these experiments capsules or tablets prepared 
wath cellulose acetate phthalate were administered before lunch to groups of 
normal, male medical students Each subject recen ed one capsule or tablet 
About an hour after ingestion the fluoroscopic examinations were begun The 
capsule or tablet containing BnSO* was plamlv visible in the fiuoroscope, and 
at each examination the appioximate location of the shadow was noted lelatnc 
to whatever vertebra represented its \ertical position in the abdomen Since 
two or moie examinations usuallv weie made befoie the capsule or tablet had 
left the stomach the location of this organ was established When the capsule 
or tablet had mov ed from the site recognized as being w ithm the stomach and 
was judged to be in the intestine, a small drink of BaSOj was given to outline 
the stomach and a radiograph made In this waj positive evidence was ob- 
tained that the capsule or tablet had not dismtegi ated m the stomach Six such 
expei iments were carried out on preparations furnished bv three manufacturers 
In figure 1 an illustration is gi\en of the tjpe of record obtamed which shows 
the stomach outlined bv the barium meal and the tablet intact and outside the 
stomach 

In table 3 is given the «timman of the results of the fluoroscopic examinations 
A total of 87 subjects were studied and 52G fluoroscopic examinations were made 
In 45 cases the tablets were demonstrated intact and outside the stomach All 
but four of these cases weic reported m the third to sixth hours inclusive, and 33 
of them were found in the period 3£ to 5£ hours after ingestion In 29 ca«cs the 
experiment was discontinued when the capsule or tablet was intact and still 
inside the stomach 21 of these cases were between the fifth and eighth hours, 
respectiv elv In 12 cases the capsule or tablet disappeared betw een fluoroscopic 
examinations, m 11 of the 12, this occurred pnor to the fifth hour Despite the 
frequent fluoroscopic check ups, it is out opinion these prepaiations tended to 
disintegrate so promptly on leaving the stomach that the site of their disintegra- 
tion cannot be established In one case a capsule was shown to disintegrate 
vuthm the lumen of the stomach 

Of the capsules and tablets shown ladiographicall} to be intact and outside 
the stomach onlj four weie so demonstrated befoie the third hour 19 were found 
before the fifth hour, and 20 bv the end of th° sixth hour One w as found in the 
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seventh and one in the tenth hour after ingestion. Apparently the average 
time that these capsules and tablets were retained in the stomach was about 
four hours. However, the fact that 1G tablets were still intact and within the 
stomach in the sixth, seventh, and eighth hours after ingestion, emphasizes the 
prolonged intervals in which enteric preparations may be retained within the 
stomach. Retention in the stomach up to eight hours gave no indication of a 
tendency for the cellulose acetate phtlialate enteric preparations to disintegrate 
as a result of the chemical and mechanical effects of the gastric juice and of the 
stomach’s muscular activity. 



Fig. 1 . The stomach is seen at the center right of the reproduction of the radiograph. 
The body of the stomach and the pylorus are outlined by the barium meal. Some of the 
barium meal has entered the duodenum and can be seen both in the descending and trans- 
verse portions. The barium sulphate tablet coated with cellulose acetate phtlialate is 
clearly seen at the left center in the descending third of the duodenum, intact and outside 
the stomach. 

In one case, shown in fig. 2a, a capsule was observed in the act of disintegrating 
within the stomach. This patient was a female medical student whose stomach 
was placed low in the abdomen. The capsule had been observed near the level 
of the second sacral vertebra body during a period of approximately 61 hours 
preceding its disintegration. The subject was quite hungry at the time disinte- 
gration occurred and marked peristaltic waves were evident. When beginning 
disintegration was noted the subject was placed prone on the x-ray table and a 
radiograph made. In this position the subject’s stomach appears opposite the 
third lumbar vertebra. Flecks of BaSOi may be seen clearly outlining the 
greater curvature of the stomach. And in fig. 2b, taken about ten minutes later, 
the disintegration was complete. Follow ing a drink of BaSOi, it was discovered 
that the duodenum seemed to stretch up from the pylorus and toward the ligM 
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-Gelatin Products Co 3 in BaSOi »n oil, capsule (17103). 
-Stnsenburgb Co , 5 Gr BaSOi tablet, CAP. coated 
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upper quadrant. Portions of the barium meal which were ejected into the 
duodenum were seen to reflux just above the pyloric cap. It is probable that in 
this patient some regurgitation of alkaline intestinal contents had occurred and 
that the alkalinity in the stomach became sufficient to dissolve the enteric cap- 
sule. It is our opinion that if the other capsules and tablets which disappeared 
in the intervals between fluoroscopic examinations had disintegrated in the 
stomach, some indication of this site should have been noted from evidences of 
BaS0 4 particles within the stomach. Since no such evidences were observed 
we believed that the disintegration in these cases probably occurred in the 
intestine. 


Fig. 2a. The disintegrating capsule is shown to the right of the third lumbar vertebra. 
Some of the material which has escaped from the capsule outlines the smooth curve of the 
lower part of the body of the stomach. 

Fig 2b. This roentgenograph was taken about ten minutes later than Fig. 2a The 
capsule has completely disintegrated now and flecks of the barium sulphate are evident 
here and there in the lower part of the stomach. 

This opinion is strengthened by the results of a limited series of laboratory 
tests in which each of the preparations used was subjected to artificial gastric 
juice and to artificial intestinal juice. Most of these cellulose acetate phthalate 
preparations would withstand the action of artificial gastric juice for 24 hours, 
although in one case disintegrations in 16 to 20 hours were observed. Placed 
in intestinal juice they disintegrated in 30 to 90 minutes. If they were treated 
for periods of a few hours w ith artificial gastric juice, the disintegration in sub- 
sequent exposures to the artificial intestinal juice was very prompt— usually 
within 30 minutes. 

The results of this study indicate that cellulose acetate phthalate coated 
tablets and enteric capsules possess satisfactory enteric characteristics. In 79 
to 100 per cent of trials, disintegration occurred in tiie gastro-intestinal tract 
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in the 8 hours following ingestion There is evidence that disintegration may 
occasionally take place in the stomach, one such disintegration was observed 
The bulk of the evidence how ever indicates that m vivo the tablets and capsules 
coated with cellulose acetate phthalate resist the action of gastric juice for long 
periods and that, m a majority of the cases observed, such preparations may be 
found intact and outside the stomach Bj combining the results of the two 
phases of tins stud} , the inference is drawn that the cellulose acetate phthalate 
coating withstands exposure to gastric juice but disintegrates in the intestine 
Acknowledgments The authors acknowledge the co6peration of many medi- 
cal students The} also wish to acknowledge the comments of Dr Charles 
Fordyce and Dr Gordon Hiatt, who read the manuscript 
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Introduction, The literature on the toxicity of phthalic acid and its deriv- 
atives is limited to a few reports on acute toxicity studies (1-7). No reports 
are available on the chronic toxicity of cellulose acetate phthalate. This com- 
pound has certain properties which suggest that it may be useful as an enteric 
coating material. Since enteric coated preparations might be taken by patients 
over prolonged periods of time, it is necessary to establish the innocuous character 
of cellulose acetate phthalate in a long term feeding experiment. 

Cellulose acetate phthlate has been fed to groups of rats and to dogs for a pe- 
riod of a year without harmful effects. It is interesting to note that the albino 
rat will tolerate a diet containing 30% of cellulose acetate phthalate whereas 
incorporating more than 20% of such an inert compound as inulin will produce 
excessive diarrhea. In general, cellulose acetate phthalate seems to be remark- 
ably inert as a compound of the diet. 

Toxicity in rats. In a preliminary experiment, groups of five rats each were 
placed on various levels of cellulose acetate phthalate in the diets. Rats re- 
ceiving 5 and 20 per cent of cellulose acetate phthalate showed no obvious inter- 
ference with health, although the group receiving 20 per cent grew somewhat 
more slowly than those receiving 5 per cent. An attempt to include 40 per cent 
of cellulose acetate phthalate in the diet produced so marked a diarrhea and such 
rapid weight loss that this level was reduced after one week to 30 per cent. The 
rats receiving 30 per cent cellulose acetate phthalate grew steadily, although not 
so well as those receiving 20 per cent. Similar control groups were set up in 
which comparable dietary levels of inulin were used. Rats receiving 5 per cent 
inulin in their diet grew somewhat better than the control rats. Rats receiving 
20 per cent of inulin grew almost as well as the controls; however, rats receiving 
40 per cent inulin developed a severe diarrhea and lost on the average of 15 gm. 
in the first 4 days, whereupon the level was reduced to 30 per cent inulin. In 
the succeeding 4 days, the diarrhea continued and an additional 15 gm. average 
body weight loss was observed. The amount of inulin was then cut to 20 per 
cent, whereupon the rats grew rapidly and at the end of 5 weeks were almost as 
heavey as the group fed 20 per cent throughout. It was concluded that a dietary 
level of 30 per cent of cellulose acetate phthalate is tolerated by rats, whereas 
20 per cent inulin is apparently near the maximum level. 

These rats were autopsied and on autopsy appeared grossly normal. The 

> This work was supported in part by a grant from the Carnegie Corporation of New 
York. 
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gastro intestinal tract of rats receiving high clones of cellulose acetate phthalate 
contained an extremely mucilaginous material of brown color From the autopsy 
examinations conducted by Dr Sidney Madden of the Department of Pathology , 
the following summary is made The rats’ organs Mere smaller m the groups 
having the higher concentration of cellulose acetate phthalate in the diet The 
cause of this grow th retardation may be a reduction of food intake or an inter 
ference with the digestion and absorption of food or both These explanations 
appeared more likely than one which assumed a positive tissue toxicitv for the 
test compound, since the control animals receiving inulin showed similar growth 
retardation The focal pneumonitis ^een m several rats is rather common in 
these laboratory animals It should be noted that no congestion of the intestine 
is found in these rats nor is there any evidence of renal injury 

It was shown by the preliminary experiment, a) that increasing amounts of 
cellulose acetate phthalate m the diet increasingly reduced the av erage grow th 
rate, and b) that m equal amounts cellulose acetate phthalate appeared to be 
more effective in reducing the growth rate than was muhn This may be attn 
buted to the peculiar physical character of the contents of the intestine 

In the chronic experiment begun in September, 1941, four groups of 20 female 
rats each were placed at vveanmg on various dietary levels of cellulose acetate 
phthalate From the information gained in the preliminary experiment, these 
levels were set at 0, 5, 20 and 30 per cent, respectively The diets w ere basicallv 
a Purrna fox chow meal into which the cellulose acetate phthalate was mixed 
Food and water were given ad lib The rats were kept in groups of 5 to 7 in 
large cages Weights on each ammal w ere recorded w eekly Except for a slight 
epidemic of pneumonia w hich appeared in the colony near the termination of the 
experiment, all of the rats grew well, ate well, and were in excellent condition 
throughout the experiment As may be seen from fig 1, the control rats grew 
well and reached an average body weight of about 220 gm The rats receiving 
5 per cent cellulose acetate phthalate grew nearly as well, although their average 
weight curve is displaced about 5 gm below the growth curve for the control 
group The growth curve for the rats receiving 20 per cent cellulose acetate 
phthalate is displaced approximately 15 gm below that of the control rats The 
group receiving 30 per cent cellulose acetate phthalate grew steadily However, 
their body weight averaged some 40 gm less than the corresponding group The 
individual rats in each group had considerable variation m growth curves as is 
customarily observed 

The animals were sacrificed in September, 1942, after one year on the diets 
They appeared, except for a few animals with pneumonitis, to be normal At 
the time of autopsy, weights were obtained on brain, hver, kidney, heart, spleen, 
stomach and lungs Sections of each of these tissues w ere taken from each rat 
for histological examination In addition, specimens were removed from the 
small and from the large intestines 

In table 1 are given the average organ weights For mo^t tissues the weights 
of the various organs followed closely the differences m average body weights of 
the 4 groups Thus, the liver m the control group and the group receiving 5 
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per cent cellulose acetate phtlialate averaged about 7.3 gm.; in the 20 per cent 
cellulose acetate phthalate group, about 7.0 gm.; and in the 30 per cent cellulose 
acetate phthalate group, about 5.G gm. Only in the case of the stomach weights 
was any abnormality observed. Here the control, 5 per cent and 20 per cent 
cellulose acetate phthalate groups had average stomach weights of 1.2 to 1 3 gm 
whereas the 30 per cent group averaged 1 .6 gm. The lung weight for the control 
group is high, due to the masses of inflamed tissue in a few of these rats. 



Fig, 1, Growth Curves for Rats on Various Dietart Levels of Cellulose 
Acetate Phthalate 

The addition of 5 and 20 percent, respectively, of cellulose scetste phthalate reduced the 
growth rate slightly; 30 per cent of cellulose acetate phthalate in the diet produced a marked 
diminution in growth. 

When the organ weights are computed on the basis of body weights, i.e., mgm. 
of organ per 100 gm. body weight, a complete uniformity in the average weight 
of the organs is found except in the case of the stomach (see table 1, lower part). 
The average stomach weight for the control and 5 per cent cellulose acetate 
phthalate group is 5.3 to 5.6 gm.; for the 20 per cent cellulose acetate phthalate 
group, the average weight is 6.2 gm.; and for the 30 per cent cellulose acetate 
phthalate group, the average weight is 8.6 gm. This may be taken as an evidence 
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of a functional hy pertrophv The rats on the highest cellulose acetate phthalate 
intakes were receiving le^s nutritious matter from their diets, as is shown by the 
low er grow th cun es In an effort to ingest sufficient food to satisfy their grow th 
impulse, it mav be assumed that the«e rats hnbitualfy over ate and eventually 
developed a larger and heavier stomach 
The histological examinations were earned out bv John R Carter of the De- 
partment of Pathology , lus report may be briefly summarized In general, onh 
non specific pathological findings were drawn from the stud} of the tissues of the 
rats receiving various doses of cellulose acetate phthalatc The most striking 
and consistent lesions were found m the kidnej in all groups of animals These 
lesions consisted of a diffuse degeneration of tubular epithelium However, the 
degree of damage w as m mv erse relation to the dosage of the drug Furthermore, 
the control animals showed similar changes but to a lesser degree The Kidnev 

TABLE 1 


The aierage weights of various organs at autopsy of female rats on various dietary leiels of 
cellulose acetate phthalate 


CROUP 

DIET 

AVERACE 

BODY 

WE CBT 

BRAIN 

UVEA 

KIDNEY 

BEART 

SPLEEN 

STOMACH 

LUNCS 

Average organ weights 



[m 
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1 tm 1 

1 f" I 

XTrt 

l” 

A 

5% CAP 

221 

1 48 

7 25 

1 66 

■¥71 

EXT] 

1 18 

1 3S 

B 

20% CAP 

215 

1 40 

7 02 

1 59 

0 67 

0 55 

1 33 

1 34 

C 

30% CAP 

187 

1 3o 

5 59 

1 55 

0 63 

0 56 

1 61 

1 17 

D 

control 

22G 

1 41 

7 26 

1 69 

0 75 

0 66 

1 26 

I 72 


Organ weights on the basis of body weights (mgm per 100 gm body w eight) 


A 

5% CAP 

221 

6 7 

33 0 

7 5 

3 4 

2S 

5 3 

6 2 

B 

207o CAP 

215 

6 5 

33 0 

7 4 

3 1 

2 5 

6 2 

0 2 

C 

30% CAP 

187 

7 2 

29 0 

8 3 

3 3 

3 0 

8 6 

6 2 

D 

control 

226 

6 2 

32 0 

7 5 

3 3 

2 9 

5 6 

7 6 


lesions were found in that pait of the kidney where any toxic property of the drug 
would have little significance The origin of the abnormahties is not known 
However since these abnorm ilities are not correlated with the dietary levels 
of cellulose acetate phthalate, it is probable that they did not originate as the 
result of its ingestion In general, these examinations giv e cv idence of a v ery 
low ordei toxicity of cellulose acetate phthalate m rats 
Toxicrn in dogs In a preliminary experiment, three dogs, were placed on 
intakes of 1, 4, and 1G gm of cellulose acetate phthalate daily foi a period of one 
month The cellulose acetate phthalate was incorporated in hamburger and 
swallowed at a gulp The dogs gamed weight, ate well, no diarrhea developed 
and they had ev ery appearance of being in good health at the end of the expen 
mental penod Red blood cell counts, hematocrits and icteric indices w ere deter 
mined at the beginning and after 2 and 4 weeks, respectively Values were 
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normal in each case. Periodic urine analyses were negative for albumin and 
sugar. From complete autopsy examinations made by Dr. Sidney Madden, 
the following summary is taken: a congestion of the mucosal blood vessels of the 
small intestine is moderate in the dog receiving 16 gm. cellulose acetate phthal- 
ate per day, and mild in the dog receiving 4 gm. i This blood vessel engorgement 
may mean irritation, but the irritation is so slight that no hemorrhage or leuco- 
cyte infiltration, or other evidence of inflammation has occurred. The urinary 
tract abnormalities noted in the autopsy protocols of the three dogs can all be 
attributed to infection, chiefly incidental to catheterization. 

In the chronic experiment, six dogs were placed for one year on diets contain- 
ing various levels of cellulose acetate phthalate as in the preliminary experiment. 
All of the dogs remained in excellent condition during the entire period. Their 
appetites were good, and normal feces were uniformly observed. All of the dogs 
gained some weight, and for reasons unknown the two dogs on the highest dose 
of cellulose acetate phthalate (16 gm. daily each) gained markedly — about 10 
lbs. each. The dogs were sacrificed in October and November, 1942, after about 
one year on the cellulose acetate phthalate diet. Complete autopsies were per- 
formed by Louis J. Zeldis of the Department of Pathology. 

A summary of the detailed autopsy reports showed certain findings occurred 
with regularity. In each dog, the histological examination of the splenic tissue 
revealed hemosiderosis and diffuse fibrosis. There were small deposits of hemo- 
siderin in the liver and bone marrow, and sometimes in the lung. Occasional 
small amounts of slightly basophillic cytoplasm were found in the sinusoids of the 
liver; these appeared to represent small islands of extramedullary hematopoiesis. 
Lungs in each case showed a terminal pulmonary congestion from the use of 
ether as a lethal agent. 

On the day of autopsy, the dogs in each case appeared well-nourished, alert 
and active. The autopsy findings which might indicate evidences of toxicity 
of cellulose acetate phthalate in these animals were limited to the spleens, where 
there were considerable deposits of hemosiderin pigment and an associated diffuse 
fibrosis of varying degree. These findings cannot be entirely interpreted by 
post-mortem studies; however, they suggested a process of blood destruction. 
There appeared to be no parallel between the dose of cellulose acetate phthalate 
and the extent of these changes: the two dogs which received intermediate doses 
(4 gm. daily) exhibited the most marked alterations. 

The splenic changes noted are probably related to factors other than the ad- 
ministered drug. Entirely similar findings have been noted in the spleens of 
4 of 6 dogs examined for purposes of comparison. These animals were clini- 
cally well and had been subjected to no experimental procedures, although each 
of them had spent considerable time in the same animal colony as the dogs which 
had ingested cellulose acetate phthalate. Consequently it is concluded that no 
toxic effect of the cellulose acetate phthalate administered was revealed in the 
post-mortem studies. 
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SUMMARY 

1 Four groups of 20 female rats each were fed 0, 5, 20 and 30 per cent cellulose 
acetate phthalate, respectn ely , for a period of one y ear The rats on high in- 
takes of cellulose acetate phthalate showed a reduction in growth rate which 
increased with the dosage On autopsy , the rats were in good condition and no 
abnormalities were observed save tliat the average stomach weight tended to 
increase with higher clones of cellulose acetate phthalate From histological ex 
animations, no consistent pathological changes were demonstrated High doses 
of cellulo^ acetate phthalate m the diet tended to produce a mucilaginous char 
acter of the matenal in the intestinal lumen From these observations it is 
concluded that high levels of cellulose acetate phthalate in the diet of rats inter- 
fere quantitatively and mechanically with the absorption of food No toxic 
action of cellulose acetate phthalate has been found m rats 

2 Three groups of 2 dogs each were fed 1, 4 and 1G gm , respectively , of cellu- 
lose acetate phthalate during a period of one y ear The dogs remained in ex- 
cellent health and condition throughout the experiment and no consistent patho- 
logical changes vv ere discov ered at autopsy There is no evidence of any toxic 
effects of cellulose acetate phthalate under these conditions 

Acknowledgment The author acknowledges the assistance of Raymond 
Ixesel in carrying out these experiments 
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It is well known (1) that the use of oxytocics prior to delivery of the newborn 
infant is fraught with dangers of 1) intra-uterine asphyxia to the child and 2) 
traumatic injury' to the mother and child. As a result, ergot preparations are 
rarely administered before delivery. Yet, pituitary preparations are still widely 
used by some physicians to hasten delivery'. Is this good obstetrics? Are the 
dangers serious and real? Answers to these questions were sought in the present 
investigation. 

Methods and techniques. In eighteen patients, pregnant 8 to 9 months, the pressure 
which tends to rupture the uterus and the maternal arterial pressure which irrigates the 
placenta were evaluated before and after the administration of oxytocics. The patient 
was usually one whose pregnancy had best be terminated. It is the custom in this hospital 
to induce labor by the introduction of a catheter into the uterus outside the chorion on the 
side opposite the placenta. In these patients a soft rubber balloon (condom) was tied over 
the end of the catheter and a lead bougie was inserted temporarily into its lumen. With 
the catheter thus stiffened, it was easily introduced into the fundus of the uterus and its 
position checked by x-ray. The balloon was partially filled with 30 cc. of 0.6 per cent sterile 
sulfanilamide. The doses and drugs used are those which are commonly given to such pa- 
tients by many physicians, although some objection to their use is present in some quarters. 
Drug administrations were separated by periods of 40 minutes or more to permit recovery 
from previous therapy. Uterine, arterial and venous pressures were recorded optically by 
means of simple and differential hypodermic manometers previously described (2, 3) (see 
fig. 1). The differential manometer is constructed to measure the difference between 
pressures rather than pressure per se. 

Uterine pressure results from activity of the abdominal and uterine muscles. The force 
developed by the abdominal muscles acts upon the outside of the uterus and places no 
rupturing stress upon the uterus. As shown in fig. 1, the force which tends to rupture the 
uterus was measured with a differential manometer which subtracted the pressure on the 
outside of the uterus from the pressure on the inside of the uterus. Technical difficulties 
made it necessary to use the gastric pressure and to assume that this equals the abdominal 
pressure. Straining of the abdominal muscles should have the same effect upon the gastric 
and abdominal pressures. 

The maternal arterial pressure which irrigates the placenta is the arterial pressure minus 
the pressure within the uterus which is opposing the inflow of maternal blood. This mater- 
nal effective placental pressure has been measured by a second differential manometer where 
the uterine pressure is led to the front chamber and the arterial pressure is led to the back 
of_the manometer. 


* Aid from Eli Lilly and Company in carrying out these investigations is gratefully 

acknowledged. , , _ . ^ . „ 

* Now a Lieutenant in the U. S. Army stationed at Stinson Field, San Antonio, Texas. 
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Results and discussion Oxjtocics increased the intensity, frequency and 
speed of uterine contractions The intensity of the contractions determines the 
stress upon the uterus whereas the amount and duration of the fusion of the 
intense contractions determine the danger of intrauterine asphyxia to the baby 
Small subcutaneous doses of pituitary preparations (1 mmim — 0 60 unit) or 
small sublingual doses of “ergotrate” (1/1280 grain — 0 05 mg ) increased uterine 
actiuty without producing any fusion of contractions After larger do c es, a 



Fig 1 A Soft Rubber Balloon (Condom) Tied over the End of the Catheter Js 
Inserted into the Fundus of the Uterus 
A similar balloon tied o\er the end of a duodenal tube is introduced into the stomach 
by way of the nose The third curve from top U obtained with the simple manometer 
i i l t < i t . — . -m i „ it n nn ,t ti, iIk l r 


moderate amount of mteifercnce with relaxation was present in 8 of 10 patient* 
This persisted for 20 to 40 mmutes after injections of 2 oxy tocic units of pituitary 
preparations (fig 2) and for 1 hour after administrations of 0 1 mgm of “ergo- 
trate ” "When the uterus was hyper reactne, oxytocics as commonly gnen by 
many physicians (2 units of ‘ pituitnn” m one patient and two administrations 
of 0 1 mgm of “ergotrate” in another patient) caused sey ere abnormal uterine 
contractions (tetany) characterized by prolonged and marked interference with 
relaxation (fig 3) Smce such prolonged contractions are shown to be hazardous 
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to the babj r (see below), efforts were made to limit the duration of uterine tetany. 
This ivas accomplished in five patients by using intravenous injections of O.GG 
unit of a pituitary preparation instead of larger subcutaneous administrations 
which are commonly given by man}* obstetricians. The severe abnormal uterine 
contractions from the intravenous injections lasted only 5 to 10 minutes (fig. 4). 
Using “ergotrate” various degrees of abnormal uterine activity also were ob- 
tained in five other patients by four hourly repeated administrations of 0.1 mgm. 
of the drug. 

Stress upon the uterus. In the patients who received O.GG unit of pituitary 
preparation intravenously, the uterine pressures occasionally reached 200 mm. 
Hg during the “bearing down’’ efforts. However, the maximal pressure de- 
veloped by the uterus (pressures tending to rupture the uterus) were 75, 80, 85, 
88 and 100 mm. Hg. This amounts to a maximal stress of 104 to 140 grams per 
square cm. of uterine area. Assuming that the contracting uteri were spherical 



Fig. 2 From above downward: Uterine pressure, uterine contribution to this pressure 
and time in I minute intervals. At break in the upper tracings 0.66 unit of ‘'pitocin” was 
administered subcutaneously. At first break in the lower tracings 2 units of ", pitocin " 
were administered suhcutancously. At second break, 30 minutes of the record were deleted. 

in shape and normal in volume the maximal force tending to rupture the organ 
was calculated to be from 2G0 to 350 grams per cm. on the uterine circumference. 
Since the average thickness of the wall of a full term uterus measures about 5 mm. 
the maximal tension would be approximately 700 grams per sq. cm. (10 lbs. 
per sq. in.) of cross sectional area of uterine wall. This exceeds by 100 per 
cent the maximal values recorded before the injection and by 20 per cent those 
normally present during the delivery of the head (3). Greater tension, of course, 
is actually present at sites where the uterus shows a greater radius of curvature 
and where the wall is excessively thin. 

In the patients who received “ergotrate” the maximal pressures developed by 
the uterus were between 50 and 70 mm. Hg. This corresponds to a maximal 
tension of approximately 500 grams per sq. cm. of cross sectional area of the 
uterine wall. The difference between this stress and that produced by pituitary 
extracts can be explained by differences in dosages. 
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In gra\ id patients pituitary and ergot preparations can increase the force of 
uterine contractions to an intensity equn alent to or slightly exceeding the maxi- 
mum observed during the deli\ ery of the head The danger of uterine rupture 
may be greater, bonder, since these prolonged maximal contractions and the 
stress are forced upon the organ irrespective of its condition 



Fia 3 From above dow mrnrd Maternal arterial pressure maternal effective placental 
arterial pressure uterine pressure uterine contribution to the latter and time in 1 minute 
intervals Pressure scales are shown in units of 25 mm Hg for the effective placental 
arterial pressure and in units of 10 mm Hg for the uterine contribution to tic uterine 
pressure 

Upper tracings Seven minutes after intravenous injection of 0 1 mgm ‘ ergotrate 
This increased tl e force frequency and speed of uterine contractions without significantly 
changing the uterine tone between contractions 

Lou er left tracings Tsinetv minutes after 1st injection and fort) fue minutes after ^2nd 
injection of 0 1 mgm ergotrate 

Lover right tracings Ten minutes later when dangerous abnormal uterine activity was 
at its height 


Infra uterine asphyxia of the baby Pituitary preparations and crgotiste” 
e\en in small doses can produce the type of uterine activity which maintains a 
high pressure This causes a pronounced and dangerously prolonged reduction 
in the maternal arterial pressure which irrigates the placenta (figs 3, 4) Conse- 
quently, maternal blood flow to the placenta is decreased during a prolonged 
period of time because relaxation between the conti actions is incomplete T he 
action is moic prolonged after the admimstiation of pituitary preparations when 
the subcutaneous route is used Normal uterine contractions aNo reduce this 
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effective placental pressure (3) (fig. 3, upper tracings). Yet, intra-uterine 
asphyxia is not severe with normal contractions since they are short in duration 
and the effective placental pressure returns to norma! during each relaxation 
phase. 

The risk of fata! intra-uterine asphyxia to the baby is greater when maternal 
hypotension is present. In one such patient, who received 0.66 unit of “pitoein” 
intravenously, the fetal heart became faint and irregular and then could not be 
heard for 3 minutes. At one time the effective placental pressure of this patient 
was reduced to negative 10 systolic and negative 60 diastolic pressure (fig. 4). 
This meant that maternal arterial blood not only could not enter the placenta, 
but that the uterus was actually squeezing blood from the placenta into the aorta 
as well as into the veins. Fortunately the uterine tetany subsided somewhat 
and the maternal arterial pressure again supplied blood to the placenta. The 
extremely low effective placental pressure in this patient can be explained par- 
tially by the fact that the mother was hypotensive and partially by the fact 



Fig. 4. Plot of Measurements Secured from Records of Patient 

From above downward: Maternal arterial pressure, maternal effective placental arterial 
pressure with line ‘‘S’’ and "D” indicating average systolic and diastolic values before 
injection of drug, uterine pressure, uterine component, uterine component base line, ami 
time line which shows 1 minute intervals. 

that “pitoein” produces cardiac weakness and lowers the arterial pressure in 
man (4). These cardiovascular effects prevented the arterial pressure rise which 
should have resulted from the greater resistance in the uterine vessels and from 
the increased venous return from the squeezed placenta. This rise, which accom- 
panies normal contractions (3) usually occurred after administering the whole 
extract. Evidently the action of the vapo-pressor principle frequently masked 
some of the cardiovascular effects of “pitoein.” The rise also occurred after 
administering 0.1 mgm. of “ergotrate” because the dose of the drug does not 
directly influence the blood pressure. 

Severe intra-uterine asphyxia of the baby was suspected in one patient where 
where was no serious reduction in the effective placental pressure (see fig. 3). 
The fetal heart became faint, very slow and irregular as the abnormal uterine 
contractions appeared. Measures to relieve these signs of intra-uterine asphyxia 
promptly restored fetal heart tones to normal. The absence of any serious 
reduction of the effective placental pressure in this patient, when the intra- 
uterine pressure has been markedly elevated, is due to the fact that the materna 
arterial pressure was increased by 00 mm. Hg. This rise in maternal blood 
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pressure contnbuted in maintaining effectn e aiterial pi ensure to the placenta 
and Mas without doubt the result of excessiv e pam, anxietj and distress asso- 
ciated with severe uterine activity Constriction of the maternal blood vessels 
must have been present If intra uterine asphyxia of the baby Mas present the 
explanation could be that the \ essels supplying the uterus w ere sufficiently con- 
stricted so that the normal effectn e placental pressure failed to prov ide adequate 
blood flow to the placenta Another possible explanation could be that the high 
sustauicd mtra uterine pressure might emptj the placental sinusoids (interv lllous 
spaces) Anv such marked reduction of the quantitv of maternal blood m the 
placenta could limit «enousl> internal respiration between maternal and fetal 
blood due to the 1 eduction of the tissue interface 
Investigations of the maternal venous pressures supplj data concerning flow 
of blood from the maternal placental sinusoids as show n in fig 5 The maternal 


£ 



FiO 5 From above t 


venous pleasure increases until uterine pressures of 18 to 23 mm Hg are piesent 
Further elevations in the uterine pressure are without further significant effects 
upon the venous pressure These data show that venous outflow fiom the 
uterus is increased until the uterine pressure approaches 20 mm Hg and that 
greater uterine pressures fail to produce further significant increases in v enous 
outflow Therefore, uterine pressures of about 20 mm Hg either nearly empty 
the maternal placental sinusoids or create inci eased resistance to venous out 
flow Each of these possibilities shall be discussed 
It appears doubtful that the maternal placental sinusoid** are nearly emptied 
since intra uterine asphv via of the babv w as not obsei ledin patients w ith pro- 
longed uterine pressiuc of onh 20 mm Hg In addition to this investigations 
bj Barcroft and Rothchild (5, C) upon rabbits and of Hansen (G) upon humans 
have shown that neai the end of gestation as much a* one sixth of the maternal 
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blood is in the uterus. To empty the placental sinusoids would involve an auto- 
transfusion of over 1 liter of blood from the uterus during each contraction. The 
amount appears unreasonably large in view of the fact that the observed maximal 
rise of maternal venous pressure was 10 mm. Hg. 

It is more probable that uterine contractions create resistance to venous out- 
flow from the placenta. This could occur by partial collapse and compression 
of the uterine sinusoids. As the uterine pressure rises, it adds itself to the blood 
pressure of vessels within the uterus. This increases the pressure gradient and 
the flow from the uterine sinusoids to the veins. In turn collapse of these 
sinusoids would be prevented by an increased blood flow from the intervillous 
spaces. Yet this increased flow can occur only as a result of some decrease in 
the net pressure distending the sinusoids. Reduction in this pressure would 
' decrease the size of the sinusoids and create resistance to the flow of blood through 
them. Such a mechanism would allow venous outflow from the uterus to 
increase until the pressures were approximately the same in the uterus and in the 
sinusoids. It also would restrict outflow since further elevations of uterine 
pressure would compress the sinusoids and hinder venous outflow. This would 
provide protection of the fetus against serious reduction of tissue interface be- 
tween maternal and fetal blood. Probably of equal importance, it would protect 
the mother from receiving an enormous autotransfusion during each uterine 
contraction. 

The observation that the maternal venous pressure rises 10 mm. Hg during 
uterine contraction (fig. 5) substantiates earlier observations (7, 3, 6) that uterine 
contractions force blood from the large uterine vessels and sinusoids into the 
general circulation. This rise of venous pressure explains the absence of any 
maternal cardiac slowing during uterine contractions. Otherwise, reflex brady- 
cardia would occur and limit the elevation of the arterial pressure occasioned by 
the increased peripheral resistance resulting from the contraction of the uterus 
on its blood vessels. This rise of arterial pressure (3) (fig. 3, upper tracings) 
serves the useful purpose of minimizing the reduction of the effective placental 
pressure during uterine contractions. 

CONCLUSIONS 

1. Pituitary and ergot preparations can increase the force of uterine contrac- 
tions to an intensity equivalent to or slightly greater than that normally present 
during delivery of the head. However, the danger of uterine rupture may be 
greater since these prolonged maximal contractions and the stress arc forced upon 
the organ irrespective of its condition. 

. 2. The stress placed upon the wall of the uterus is approximately 700 grams 
per square centimeter of cross-sectional area. 

3. Commonly used doses of pituitary and ergot preparations cause abnormal 
uterine activity in some patients. This abnormal activity, cliaractei ized b> 
prolonged interference with relaxation, seriously reduces the maternal effective 
placental arterial pressure and causes intra-uterine asphyxia of the bah}’. This 
danger is greater when the patient has hypotension or when oxytocin is used 
in place of the whole posterior pituitary extract. 
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4 Some mechanisms which prevent ischemia of the placenta are described 
and discussed. 
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In 1933 Cutting, Mehrtens and Tainter (1) reported the use of dinitrophenol 
(2:4 dinitrophenol) in man as a weight reducing agent. A later report by Tain- 
ter, Stockton and Cutting (2) covering a series of 113 patients under dinitro- 
phenol therapy showed very satisfactory weight loss in approximately 90% of 
the cases. These studies on man were made after thorough investigations on the 
effect of this agent upon animals in relation to changes in metabolic rate (3) and 
toxicity studies during long repeated administration (4). 

Both Tainter and associates (2) and officials of the American Medical Asso- 
ciation (5) warned against possible damage that might result from indiscriminate 
and repeated use of this agent. These warnings were proven correct when 
during the following 2-3 years numerous reports of various types of toxic and 
fatal reactions due to the use of dinitrophenol were published. 

One of the most important of the undesirable reactions observed in patients 
using dinitrophenol for weight reduction was the development of cataracts as 
first described by Homer et al. (6) in 1935. Numerous reports of cataract 
formation were published in the following year, and in an excellent review of the 
subject Homer (7) estimates the incidence of cataract formation at O.SG per 
cent of those taking dinitrophenol for obesity. 

Soon after the observation was made that cataract might develop during or 
following the use of dinitrophenol in man, attempts were made by several investi- 
gators (8) to produce cataracts in experimental animals by administering the 
drug in the feed as well as by other routes. In none of these studies on rats, 
rabbits, guinea pigs and dogs was it possible to produce any changes in the lens 
by the drug. Borley and Tainter (9) added dinitrophenol to various lactose 
diets which regularly produce cataracts in white rats, but this addition did not 
alter the time of onset or type of change in the lens which were characteristically 
noted in rats ingesting the lactose diet alone. 

Homer in 1942 states in his summary that “All attempts to produce experi- 
mental cataracts in laboratory animals by various and repeated doses of dinitro- 
phenol have been unsuccessful” (7). 

During the course of an investigation of a series of drugs upon their effect on 
the growth of fowl pox in the chick it was observed that within 24 hours after 
the chick had been placed on a diet containing dinitrophenol opacities of the 
lens developed. We have followed up this observation with a series of experi- 

i The funds for this investigation were kindly given by the Mallinckrodt Chemical 
Works. 
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ments upon the development of cataracts in the fowl ingesting food containing 
dmitrophenol and we wish to report the results of these studies at this time 

Experimental methods Chicks The chicks, White Leghorn or White Rock, were 
obtained from a commercial hatcher} w hen 1 day old and were kept on Purina Startena feed 
until ready for use in 2 weeks to 8 weeks 

Ducks The ducks, \\ hite Pekin, w ere bought w hen 10 daj s old and w ere fed a w et mash 
of Purina Startena for 4 dvjs before use 

ArfmimsJrahon of drug The sodium salt of 2 4 dmitrophenol was nu\ed with the feed 
m concentrations of 0 05 to 0 25% This mixture was kept before the cluck or duck all the 
time but the lighting was so arranged that periods of 3 hours duration of light and dark 
alternated during the experimental period The duration of anj one experiment varied 
from 3-31 days 

Oisertalions The chicks or ducks were weighed daily after being placed on the drug 
diet and the eyes examined for the presence of opacities Daily temperature readings 
(cloncal) were made on several groups of chicks There was no increase in temperature 
during the first four days on the diet 

Histological examination At regular intervals from 5 hours to 30 dajs individual chicks 
were sacrificed and the lenses were removed and prepared for microscopical examination, 
the lenses were fixed in a modified Bourn’s fixing solution, imbedded in paraffin, and stained 
with hematoxjhn 

Results In the clucks and ducks on a diet containing 0 25% 2 4 dmitro- 
phenol Sodium, a fine grey opacity usually could be observ ed m 4-0 hours and 
by 24 hours this had progressed to a verj marked opacitj extending over most of 
the anterior portion of the lens v lsible through the pupil In a large proportion 
of the lenses it was possible to obsene a dense opacit} in the posterior part after 
24 hours on the drug diet Upon continued feeding of the drug the changes in 
the anterior portion of the lens began to subside w ith a persistence or increase in 
the opacity in the posterior portion 

In the chicks on a lower concentration of the drug in the diet the time of de- 
velopment of the opacities was delated and in many instances no opacities were 
observed in chicks on a diet containing 0 05-0 15% dmitrophenol 

In Table I data are presented relativ e to the concentration of drugs in the diet, 
number of chicks or ducks showing gross opacities during the feeding period and 
remarks relative to w eight changes during the drug feeding period 

Microscopic examination of lens sections Upon microscopic examina- 
tion of lens sections taken after 4-5 hours on the drug diet ( 25%) a fine granular 
and \ acuolnr change was observed m the anterior portion of the lens fibers m the 
chick After 24 hours feeding many small and large vacuoles, each extending 
across one or more lens fibers, could be seen There w as usually a characteristic 
pattern to the distribution of the lesions, w ith the vacuoles occurring in 2 or 3 
'definite levels in the anterior portion of the lens There was a band of large 
vacuoles in the fibers just beneath the anterior capsular epithelium, a little 
deeper there was a band of smaller vacuoles in most of the fibers, and then at a 
level about one-third of the distance to the center of the lens there was a band of 
very fine vacuoles (see figs 1, 2, 3, Plate I) 

After 24-48 hours on the drug there w as great tissue destruction in the poste- 
rior portion of the lens The change in the posterior portion was very different 
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from that in the anterior portion where in most cases the normal structural pat- 
tern of the fibers remained (see figs. 4, 5, Plate I). 

Sections of lenses removed from chicks after 4-28 days on the drug diet showed 
marked changes. The lesions which were present in the anterior portion of the 
lenses began to resolve so that by 6-8 days on the drug the vacuoles had disap- 
peared hut an abnormal pattern of the fibers persisted. The lesions in the 
posterior part of the lenses gradually changed from a diffuse destructive type 


TABLE 1 

The effect of 2:4 dinilrophenol in the feed vpon the lens and weight of chicks and ducks 


D.N.E. ' 

' 

ORIGINAL 
WEIGHT j 

NUMBER OF ANIMALS SHOWING GROSS OPACITIES OVER NUMBER OP ANIMALS ON 1 

DRUG DIET ON ANY GIVEN DAY DURING EXPERIMENTAL PERIOD i 

.... : 

FINAL 

WEIGHT 

CONC. j 

i | 2 | J | 4 | 5 | 6 | 7 | | 

! 31 j 

CHANGE 


Chicks 


% 

grants 










1 r» 

.25 


11/12 

11/12 











5/G 

5/6 

5/5 

4/5 






-17 



3/3 

3/3 


3/3 



3/3 

3/3 


-20 



9/12 

8/12 

9/11 





9/9 


0 


160 

10/12 

9/11 


9/11 


S/10 




0 


22S 


5/5 



4/5 



4/4 


+20 


400 


7/7 


7/7 

6/6 


3/5 

3/3 


0 

* 

410 


7/7 


6/6 

6/6 

a 


5/5 


-15 

.15 

60 

3 

3 

12/16 

8/13 



1/9 

mm 


+20 


369 

ffiSEl 

inm 

3/9 

6/9 


3/8 


m 

0/G 



296 

3/12 

4/12 

2/12 



3/12 




Id 

■ 1 

254 

7/10 

7/10 


2/10 



5/8 





149 

0/10 

0/10 

1/10 








.05 

160 










+15 

Ducks 

.25 

no 

7/7 

6/6 

6/6 

5/5 


4/4 

3/3 


+10 


* This group of chicks received riboflavin (0.35 mgm./lOO gram weight intra-musculariy) 
every 48 hours in addition to D.N.P. 


to a cyst-like lesion after 8-10 days on the drug and this persisted as long as the 
duration of our experiments (see figs. 1-5, Plate II and figs. 1, 2, Plate III). 

Ducks. The histological changes which were observed in the lenses of the 
duck on the drug diet were so similar to those observed in the chick that no 
attempt need be made to differentiate them. Photomicrographs of lenses taken 
after 24 hours on the diet are shown in figures 3 and 4, Plate III. 

Effect of riboflavin on dinitrophenol cataracts. Day et al. (10) have 
reported cataract production in rats on riboflavin deficient diets and they were 
able to prevent the extension of the cataractous changes by injection of riboflavin 
into rats while on the deficient diet. 
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We gave chicks riboflavin (035 mg/100 grams) intramuscularly every 48 
hours, beginning 24 hours before the chicks were placed on the dinitrophenol 
diet without alteimg in any w ay the usual dev elopment of opacities or the typical 
histological changes Lens sections taken from chicks leceivmg dinitrophenol 
alone and dinitrophenol plus nboflav in are shown in figures 2 and 3, Plate II 

Efffct of otiifr nithophlnols 2 6 dinitrophenol This compound when 
given in a 0 25% mixture failed to produce any change in the lens although the 
chicks lost 25% in weight during the 6 day' feeding period, with a 0 5% concen- 
tration in the diet t\\ o of thirteen chicks developed a v ery fine grey opacity in the 
anterior part of the lens which was present only on the second and third day of 
feeding 

2 4 dimtro , 6-aminoplicnol This compound, picrnmic acid, when added to 
the diet in concentration of 1% produced lesions very similar to those m chicks 
receiv ing a diet containing 0 25% dinitrophenol 

Discussion Although the relatively high incidence of cataract formation 
( 86%) in people takmg dinitrophenol for weight reduction indicates that there 
is a definite relation between the ingestion of the drug and the subsequent change 
in the lens, there have been no previous experimental studies reported which 
show such a cause effect relationship 

These experiments show that, at least m the young fowl, 2 4 dinitrophenol, 
when fed m sufficient amounts, routmely produces changes in the lens which are 
remarkably similar to those occasionally observed in man The description of 
the changes in the lens of man given by Horner (7) is quite similar to the changes 
observed m chicks m that there is first a fine grey opacity m the anterior sub- 
capsular portion of the lens, no mvolvement of the lens nucleus, and a more 
marked destructive lesion in the posterior portion of the lens 

There is at present- no explanation regarding a difference in effect of 2 4 drni- 
trophenol m different subjects winch would account for the production of cata- 
racts in man and fow 1 but not m rats, rabbits, guinea pigs and dogs 

It is of interest to note that with the fowl the 2 4 dmitro substituted com- 
pound is more active in the 2 6 substituted phenol 

SUMMARY 

The production of cataracts m an experimental investigation with dinitro- 
phenol (on fowl) lias been successful 

I wish to express my appreciation to Miss Frances Dethier for technical assist- 
ance in this study 
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EXPLANATION OF PLATES 

Photomicrographs of lens sections taken from chicks or ducks on diet containing 2:4 
dinitrophenol. Magnification. X120; original plates reduced from 6 x 9 to 4 x 6 inches. 

Plate I 

Fig. 1. Anterior portion of a lens from a chick receiving a diet containing 0.25 per cent 
2:4 dinitrophenol for one day. 

Fig. 2. Anterior portion of a lens from a chick receiving a diet containing 0.25 per cent 
2:4 dinitrophenol for two days. 

Fig. 3. Anterior portion of a lens from a chick receiving a diet containing 0.1 per cent 
2:4 dinitrophenol for two days and 0.25 per cent 2:4 dinitrophenol for two days. 

Fig. 4. Posterior portion of a lens from a chick receiving a diet containing 0.15 per cent 
2:4 dinitrophenol for two days. 

Fig. 5. Posterior portion of a lens from a chick receiving a diet containing 0.1 per cent 
2:4 dinitrophenol for two days and 0.25 per cent 2:4 dinitrophenol for two days. 

Plate II 

Fig. 1. Posterior portion of a lens from a chick receiving a diet containing 0.25 per cent 
2:4 dinitrophenol for four days. 

Fig. 2. Posterior portion of a lens from a chick receiving a diet containing 0.25 per cent 
2:4 dinitrophenol for eight days. 

Fig. 3. Posterior portion of a lens from a chick receiving a diet containing 0.25 per cent 
2:4 dinitrophenol for eight days, plus riboflavin 0.35 mgm. per 100 grams intramuscularly 
every two days. 

Fig. 4. Posterior portion of a lens from a chick receiving a diet containing 0.25 par cent 
2:4 dinitrophenol for three days and 0.1 per cent 2:4 dinitrophenol for seven days. 

Fig. 5. Posterior portion of a lens from a chick receiving a diet containing 0.15 per cent 
2:4 dinitrophenol for fifteen days and 0.25 per cent 2:4 dinitrophenol for three days. 

Plate III 

Fig. 1. Posterior portion of a lens from a chick receiving a diet containing 0.16 per cent 
2:4 dinitrophenol for fifteen days and 0.25 per cent 2:4 dinitrophenol for seven days. 

Fig. 2. Posterior portion of a lens from a chick receiving a diet containing 0.25 per cent 
2:4 dinitrophenol for eighteen days and 0.12 per cent 2:4 dinitrophenol for twelve days. 

Fig. 3. Anterior portion of a lens from a duck receiving a diet containing 0.25 per cent 
2:4 dinitrophenol for one day. 

Fig. 4. Posterior portion of a lens from a duck receiving a diet containing 0.25 per cent 
2:4 dinitrophenol for one day. 
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The depressor action of veratrum was already known when von Bezold and 
Hirfc (I) described the effect of veratrine acetate. Since the publication in 1867 
of their important study, the blood pressure decreasing action of the alkaloids of 
various species of veratrum has been the subject of numerous investigations. 
Pilcher and Sollmann (2) believed that the depressor action of Veratrum viride 
and cevadine in dogs was the result of cardiac inhibition, and that cevadine 
tended to produce “stimulation” of the vasomotor center as evidenced by slight 
vasoconstriction in the perfused innervated spleen, even in the presence of a 
decreased arterial pressure. Cramer (3), however, finding that the fall in blood 
pressure produced in cate by injections of Veratrum viride preparations was often 
} unaccompanied by bradycardia but was prevented by vagal section, concluded 
/ that the hypotension was a result of the action of afferent impulses from the lungs 
upon the vascular reflex centers. MacNider (4) found that atropine did not 
prevent the fall in pressure in dogs caused by Veratrum viride and believed that 
vasodilatation was an important factor. 

Jarisch and Richter (5), studying veratrine hydrochloride-Merck, found that 
the blood pressure fall in cats was not abolished by atropine and demonstrated 
that liver volume increased as blood pressure fell, which, in the absence of any 
increase in venous pressure, was interpreted as evidence of hepatic vasodilata- 
tion. They concluded from their experiments that the vasodilatation was due 
to vascular reflexes and that afferent sources of the reflex lay in the heart and also 
in the lungs (6). 

Observations made by Ivrayer, Wood, and Montes (7) during the course of 
experiments on the sites of action involved in veratridine bradycardia revealed 
that when a dose of veratridine or veratrine was injected into and confined to the 
heart-lung circuit of a heart-lung-perfused head preparation, vasodilatation 
occurred in the head circuit, as evidenced by a transitory decrease in perfusion 
pressure (see figure 4, part A, of their paper). The vasodilator response in this 
case was evidently a reflex originating in certain chemosensitive endings in the 
heart or lungs and was mediated by afferent fibers in the vagi. 

Two conclusions can be drawn from these brief references: (1) The majority' of 
the authors quoted appear justified in assuming that vasodilatation plays an im- 

1 This work was supported in part by a grant from the William F. Milton Fund and in 
part by funds at the disposal of the University Committee on Pharmacotherapy. 

t Fellow of the National Research Council. 
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portent role m the h\ potensi\ e effect of the \ eratrum alkaloid 1 ? (2) The hypo 
tensive action is due, at least in part, to a vasculat reflex In the experiments 
reported here, we have studied the problem in greater detail because m no pre 
vious mxestigation have direct measurements been made in intact animals of 
changes in arterial blood flow under the influence of any one of the veratrum 
alkaloids We ha\ e used the alhamme ce\ me, and its \ eratnc acid ester, v eratri- 
dine The xeratndinc was prepared by Lmstead and Todd (8), and the cevme 
was supplied to us by Di Walter A Jacobs, who generously put at our disposal 
the follow mg information about his sample of cevme The elementary analysis 
yielded C G3 21, H 8 59, (calculated for cevme C- 7 H«OgN C G3 01, H 8 51) 
The substance melted, not sharply, to a re^in at 170-175°, depending somewhat 
on the rate of heating No rotation was taken 

Methods Experiments were earned out on dogs of both se\cs weighing from 15 0 to 
19 2 kgm and anesthetized with sodium pentobarbital 35 mgm /kgm ultra pcrttaneully 
Six preliminary experiments were performed with the thermoelectric flowmeter units de 
scribed by Bennett Sweet and Bassett (9) and twenty three with differential manometers 
[adapted from the method of Fleisch (10) ] attached to cannulas in the tw o femoral arteries 
Each differential manometer unit consisted of a U tube containing dyed chloroform under 
saline and w as arranged to indicate the pressure gradient betw een tw o side tubes in a metal 
cannula the ends of which were tied into the proximal and distal stumps of the femoral 
artery For n distance of one centimeter between the side tubes the diameter of the lumen 
of the cannula was 1 65 mm at each end of the cannula the bore was about 2 5 mm The 
pressure gradient across the cannula at a blood flow of -10 cc per minute (approximate a\ er 
age initial flow in the innervated femoral artery in these experiments) and with a relative 
blood viscosity of 5 was less than 2 mm of mercury With the chloroform water system 
this represents an excursion of 50 mm The relation between flow and pressure gradient 
at moderate flows closely follows the straight line predicted by the Poiseuille equation At 
high flows the calibration deviates slightly equal flow increments incur greater pressure 
increments Under conditions of high volume flow, when the pressure gradient is corre 
spomhngh great the importance of collateral circulation increases Consequently the 
actual flow through the vascular area normally supplied by the femoral artery must be some 
what greater than the recorded values and the higher the recorded flow the greater this 
error becomes (11) Fortunately this means that the recording technique minimizes rather 
than exaggerates the actual extent of the vasodilatation produced by the drugs used in this 
study Kymographic tracings of the pressure gradient w ere obtained manually by follow 
mg the chloroform water meniscus with a sliding indicator arranged to move a pointer on 
the smoked paper Vt the high flows often encountered in the denervated leg a bromoform 
saline manometer w as used w itli a sensitivity approximately one fourth that of the chloro 
form system Estimations of relative blood viscosity w ere made at the beginning and end 
of three experiments Ixo significant change occurred 

Arterial pressure was recorded from the axillary or carotid artery by means of a glass 
membrane manometer in the experiments with the thermoelectric flow meter and by means 
of a mercury manometer in the others In each case the manometer system was partially 
damped to permit estimation of the mean pressure Respiration was recorded in most 
experiments with a tambour attached to the tracheal cannula Heart rate was counted at 
5 or 10 second intervals during the acute effects of drug administration Right atrial pres 
sure was recorded optically in the preliminary experiments 

In thirteen of the experiments in which blood flow in the two femoral arteries was re 
corded simultaneously one leg was denerxated by section of the femoral obturator, and 
sciatic nerves and the sheath of the femoral vessels high in the thigh 

In four experiments the left femoral artery of one dog (recipient) w as perfused from the 
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left carotid artery of a second dog; blood from the femoral vein was returned to the external 
jugular of the donor; collateral circulation was interrupted by section of the muscles and 
skm high in the thigh, or by compression with an ccraseur. The femoral nerve, sciatic 
nerve, and femur remained as the only connection between the perfused leg and the recipient 
animal. Blood flow was recorded in both the intact and the perfused femoral arteries of the 
recipient dog. 

Heparin 5 was administered in an initial dose of 2 mgm./kgm. intravenously, followed by 
continuous infusion of a 0.2% solution in physiological saline at a rate of 0.2 cc. per minute. 
Injections of drugs were made into the right atrium through a tube passed down the right 
external jugular vein; in six experiments vcratridinc was administered directly into the 
femoral artery through a 25-gauge needle. Doses of vcratridinc and covine are given in 
terms of the base; both substances were injected in the form of the hydrochloride salt. 
Since the animals were selected within a narrow body-weight range, doses arc stated as the 
total dose rather than the amount per kilogram body-weight. Average dose per kilogram 
is approximately 6% or the total dose. 

Results. Veratridine. Vcratridine in doses of 0.03 to 0.1 mgm. injected 
into the right atrium produces a rapid decrease in mean arterial pressure which 
reaches a minimum in about 30 seconds and returns to normal or to a plateau 
somewhat below normal in two or three minutes (fig. 1). The decrease in pres- 
sure is usually accompanied by a decrease in heart rate, and cardiac arrest for 
several seconds frequently occurs after an initial dose of 0.1 mgm. [In one experi- 
ment of this series no significant changes in heart rate were observed with doses 
up to 0.09 mgm. (see figure 2).] Accompanying the hypotension and brady- 
cardia there is a vasodilatation in the vascular bed supplied by the innervated 
femoral artery. Following the injection of moderate doses which do not cause 
cardiac arrest the dilatation is great enough to cause an actual increase in the 
femoral volume flow (fig. 1; fig. 2), but if bradycardia in the initial phase of the 
drug action is severe, arterial pressure drops to a very low level and the femoral 
flow in such cases decreases, followed by an increase. In all eases the ratio of 
pressure to flow, as an approximate estimate of resistance, decreases, usually 
reaching a minimum value at the time of the maximum blood pressure response. 
As the blood pressure begins to rise, flow in the innervated artery decreases, often 
to a level below that preceding the injection, and may remain low for several 
minutes after the blood pressure has returned to normal; the ratio of pressure to 
flow is of course elevated during this phase. This suggests the intervention of 
pressor reflexes brought into action by the period of hypotension. 

Small doses of the alkaloid may produce significant effects upon the circulation 
without any respiratory action, or occasionally with a slight acceleration of 
respiratory rate (fig. 2A). Larger doses invariably produce a cessation of respi- 
ration for Vperiod of time proportional to the dose and lasting in some instances 
as long as 40 seconds (fig. 1). Doses causing apnea result in a moderate increase 
in apparent venous pressure as recorded in the right atrium. If apnea is pre- 
vented by artificial respiration, venous pressure remains unchanged. Artificial 
respiration, used in four experiments, did not significantly modify (lie depressor 
effect of vcratridinc. 

5 Heparin-Connauglit was used in most experiments; in the others, "Liquacmin, gener- 
ouslv supplied by HolTmann-La Roche, Inc., was used. 
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Dosage range In nine experiments veiatndine was administered in progres 
sivclj increasing doses in order to determine the minimal effective dose and 
the effect of repeated doi.es In animals unde 1 nembutal anesthesia and w ithout 
previous morphine medication, no response was ever observed following a dose 
of 0 01 mgm , even when this was repeated ever} 5 oi 10 minutes, for a total of 
six injections A dose of 0 02 mgm produced a brief dcpressoi effect m more 
than half the cases, and 0 03 mgm was alwavs effective Figure 3 illustrates 
the relation of blood piessure lesponse to dosage The cxpci iments from which 


ml 



Tir 1 Hh.ct of V i hatrioixe on Biood PiiE<;sLnE anii Femoral \rterial Flow 
rxpiriment 17 Dog weight 15 0 hgm female Innervation of botli legs intact 
Tricing* from top to bottom respiration carotid irtcnal pressure (scale at upper nght 
in mm llg) blood flow in lift femoral arterj (scale it left in cc per mm ) blood flow m 
right femoril arterv (scile it lower right in cc per min ) time m 5 sec interv da At 
signil OOo mgm vcratndini was injected into the rigid auricle Figures indicate heart 
rate j er minute counts w ere ictuill> made for 5 or 10 second intervals 


this cun c was constructed wcic all conducted m the same manner, nimelv by 
giving progressivcl) increasing doses until a maximum response was reached 
Although repeated equal doses lead to roughlv eqtnv nlent responses, 0 03 to 0 1 
mgm given as an initial dose causes a somewhat greater response than would 
bo pi edict ed from the curve of figme 3 This effect is similar to, but much less 
pionouneed than, the iction of \ eratrum v inde preparations, which charvcteristi 
callv lead to marked t ichj phv laxis (3) 

1 he reflex nature oj femoral tasodilatation In oider to determine whether 
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the dilatation of the femoial aitenal bed was direct or reflex, veratridme was 
injected intra-arterially in si\ experiments. The do<%b used langed from 0 01 
to 0.5 mgm. in a total volume of 0.1 cc. and were injected within two seconds. 
Conccntiations in the blood (up to 1:3,000) weic lughci than those leached by 
the largest doses given by vein. No significant change in blood flow ocruircd 
in any case; the vasodilatation occurring after intravenous injection is theieforc 
not due to direct peripheral action. Furthei to t&d this and to provide a bauis 
for comparison of the response of the innervated artery, the left leg was dener- 
vated by high section of the femoral, obturator, and sciatic ncr\ cs in thirteen 



Fio 3 Relation op Blood Pressure Response to Do«hol or Vlratridine 
Ordinitc, percentage decrease in blood pressure Solid circles represent individual 

is given in repeated <Iose9 beginning 
m left to right the average responses 
to 0 05 mgm in one cvpenmcnt, and 

to 0 1 mgm in 9 experiments 

experiments. This procedure was performed usually before any veiatndine 
had been given, but in three experiments denervation was performed between 
the administration of two equal doses of veratndinc Denervation was ahvays 
followed by a great increase in flow, leaching three or four times the flow' on 
the innervated side. In seveial experiments blood floiv in the deneivated leg 
followed passively the systemic pressure after veratridine injection, but this 
does not prove the neuiogcmc nature of the vasodilator response to the drug 
for reasons which will be considered in the discussion. 

The femoral artery is abundantly supplied with collateral vessels which 
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under certain conditions may contribute greatly to the inflow of this vascular 
net (11). In order to study the flow in the femoral artery free from the influence 
of collateral channels, an ecrascur was tightly applied to the thigh in one experi- 
ment, excluding the femoral vessels and the sciatic and femoral nerves. The 
dilator responses to equal doses of veratridine before and after application of 
the ecraseur were not significantly different. In four additional experiments 
the ecraseur was applied after perfusion of the femoral bed from a donor animal 



Fig. 4. The Reflex Nature of the Vasodilator Response to Veratridine 
Experiment 23, cross-circulation. Recipient dog weight 15.0 kgm., female; donor (log. 
14.6 kgm., female. Tracings, top to bottom: respiration of recipient dog; carotid arterial 
pressure of donor dog (scale at upper left in mm. Ug); carotid arterial pressure of recipient 
dog (scale, upper right); blood flow in left femoral artery of recipient dog, perfused from 
donor (scale at left in cc. per min.); blood flow in right (intact) femoral artery of recipient 
(scale at right); time in 5 sec.; signal marker. Heart rate figures in beats per minute, 
recipient dog. At signal of A, veratridine 0.03 mgm. into right auricle of recipient (log. 
Between A and B, time lapse of 31 minutes; bilateral vagotomy of both animals. At signal 
in B, veratridine 1.0 mgm. injected into recipient dog. 


had been established. Veratridine in doses of 0.02 to 0.08 mgm. injected into 
the recipient animal caused the typical dilatation response in the perfused leg, 
proving that this response is dependent upon nervous, not vascular, connections 
with the rest of the animal (fig. 4A). Similar doses of veratridine injected into 
the donor animal resulted in a fall in arterial pressure and consequently a passive 
decrease in flow in the perfused leg. The effects of larger doses in the cross- 
circulation experiments will be considered with the effect of vagotomy. 
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Effect of alropinc From the experiments of Krayer, Wood, and Montes (7) 
it is e\ ident that \ eratridme bradycardia can be abolished by \ agotom y They 
shoued that afferent sources of the reflex exist in the chest and probably in the 
caiotul bodies, and that a central action is aKo present Experiments were 
therefore conducted to determine the role played by the v ogus in the \ asodilator 
response to i eratndinc 

Atropine was administered m full do^e-s (up to 12 mgm ) in three experiments 
This would be expected to eliminate biady cardia as a factor in the blood pressure 
fall Following atropine administration the heart late response to \ eratridme 
was largely, though not always completely, abolished In ever} case, liowev er, 

TABLE 1 

Effect of lagolomy on the cu dilatory and respiratory responses to t eratridme 


PERCENTAGE RESPONSE BEFORE AND AFTER VAGOTOMY 



BODY 

»T 

{EX 

DOSE 

Arterial pressure 

Heart rate 

Femoral resist 
ante* 

Resp ratory rate 
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A 

A/B 
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A 

A/B 

B 

A 

A/B 

B 

A 

A/B 

















13 

18 

8 

F 

0 

007 

69 

26 

88 

73 

0 

0 

07 

57 

85 




15 

15 

9 

M 

0 

067 

68 

25 

87 

76 

3 

4 

67 

37 

55 

93 

0 

0 

16 

15 

3 

F 

0 

OS 

47 

2S 

60 

4S 

6 

12 

70 

71 

102 

92 

0 

0 

3 

16 

5 

M 

0 

10 

77 

39 

61 

93 

4 

4 

61 

67 

105 




5 

15 

4 

M 

0 

10 

4S 

10 

21 

61 

0 

0 

IS 

10 

21 

86 

0 

0 

8 

15 

7 

M 

0 

10 

59 

19 

82 

70 

0 

0 

“S 

59 

76 

93 

50 

n 

G 

18 

8 

M 

0 

135 

50 

19 

88 

19 

0 

0 

71 

42 

69 

06 

37 

56 

05 

16 

7 

M 

0 

025 

56 

13 

2S 

58 

8 

14 

45 

12 

27 

87 

0 

0 

•u 

17 

0 

M 

0 

04 

91 

2S 

81 

93 

0 

0 







n 

15 

3 

F 

0 

04 

69 

38 

66 

93 

10 

u 

63 

64 

102 

84 

0 

0 

Average 

39 



6 



70 



16 


* Ratio pressure to flow in the innervated leg 

t B = percentage decrease in pressure, heart rate, resistance, and respirator} rate before 
vagotomy, A = percentage decrease in response to same dose of vcrntndine after vagotomy, 
A/B = ratio of response after vagotomy to response before vagotomy , x 100 
t Morphine sulfate administered with the anesthetic 

the blood pressure fell, though not as low as in control observ ations This con- 
firms the observation of MacNider (4) and of Jari^ch and Richter (5), who con- 
cluded that bradycardia was not the ^ole cause of the depre«sor response to 
^ratrine Atropine had no effect upon the respiratory response 
Effect of i agotomy Vagotomy, which mtenupts both efferent cardio-decelera- 
tor pathways and afferent fibers from the receptor areas in the chest, m almost 
all cases decreased the depiessor response, but rarely abolished it Table 1 
represents the pertinent results of eleven experiments in which vagotomy was 
performed In experiments 3, 7, and 16 the dilatation m the mnen ated femoral 
artery was as great after vagotomy' as with equal do-es before vagotomy In 
nine experiments the effect of v eratridme upon heart rate and respiratory rate 
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under certain conditions may contribute greatly to the inflow of this vascular 
net (1 1 ). In order to study the flow in the femoral artety free from the influence 
of collateral channels, an ecraseur was tightly applied to the thigh in one experi- 
ment, excluding the femoral vessels and the sciatic and femoral nerves. The 
dilator responses to equal doses of veratridinc before and after application of 
the ecraseur were not significantly different. In four additional experiments 
the ecraseur was applied after perfusion of the femoral bed from a donor animal 



Fio. t. The Reflex Xatlre of the Vasodilator Response to Veratridixf 
Experiment 23, cross-circulation Recipient dog weight 15 0 hgin , female, donor dog. 
14 6 tgm , female Tracings, top to bottom: respiration of recipient dog, carotid arterial 
pressure of donor dog (scale at upper left in mm Hg), carotid arterial pressure of recipient 
dog (scale, upper right), blood flow in left femoral artery of recipient (log, perfused from 
donor (scale at left in ee per min ), blood flow in right (intact) femoral artery of recipient 
(scale at right), time m 5 see , signal marker Heart rate figures in heats per minute, 
recipient dog At signal of A. veratridinc 0 03 mgm into right auricle of recipient dog 
Between A and B, tune lapse of 31 minutes, bilateral vagotomy of both animals At signal 
in B, veratridinc 1 0 mgm. injected into recipient dog 

had been established. Veratridinc m doses of 0.02 to 0 08 mgm. injected into 
the recipient animal canned the typical dilatation response in the pet fused leg, 
proving that this response is dependent upon nervous, not vascular, connections 
with the rest of the animal (fig. 4A). Similar doses of veratridinc injected info 
the donor animal resulted in a fall in arterial pressure and consequently a passive 
decrease in flow in the perfused leg The effects of larger doses in the cro— 
circulation experiments will be considered with the effect of xagotontx. 
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Characteristic results are illustrated in figures 4B and 5C. As mentioned above, 
doses of the order of 0.1 mgm. still resulted in a decrease in blood pressure! 
With progressively larger doses, however, the depressor response eventually 
disappeared, and doses of from O.o to 1,0 mgm. always caused a significant 
increase in carotid pressure, reaching in one case 250 mm. mercury. The 
pressure began to rise 13 to 20 seconds after the veratridine injection, reaching 
a maximum in 1 to 3v minutes and gradually returning to normal in G to 12 min- 
utes. Coincident with the ascending limb of the blood pressure tracing there 
was an increase in flow in both innervated and denervated femoral arteries, fol- 
lowed by a decrease at the height of the blood pressure response; but tire ratio 
of pressure to flow was always increased, in some instances more than doubled, 
suggesting actual constriction. Since this occurred also in the denervated limb 
it is probable that epinephrine is at least in part responsible for the hypertension. 
The heart rate was always increased as the pressure rose, rising in one case 
to 252 per minute from an initial rate of 162. Respiratory effects were incon- 
stant with these doses; frequently a period of apnea occurred, probably as a 
result of a carotid sinus reflex. 

The cross-circulation experiments afforded an opportunity to investigate 
further the nature of the hypertensive response to large doses. Bilateral vagot- 
omy was performed in both donor and recipient dogs in three experiments. 
Veratridine in a dose of 1.0 mgm. injected into the recipient animal evoked the 
characteristic epinephrine-like flow response of the intact leg, accompanied by 
a long-lasting dilatation in the perfused leg. That is, there was active constriction 
in the intact leg, and dilatation in the leg which was connected only by nervous 
pathways to the recipient animal (fig. 4B). It is probable, therefore, that the 
large dose of veratridine still produced the dilator response, but that this was 
masked by the simultaneous action of epinephrine in the intact leg. Epineph- 
rine, of course, could not reach the perfused leg. Conversely, veratridine 
in doses of 1.0 mgm. injected into the donor animal (connected only by rascukr 
channels with the perfused leg) caused an increase in donor arterial pressure 
with an initial flow increase in the perfused limb. The flow rapidly decreased, 
however, as the pressure reached its maximum. This response is not due to a 
peripheral constrictor action of the large dose of veratridine (veratridine in doses 
as high as 0.5 mgm. intra-arterially failed to cause any constriction), but must 
be ascribed to epinephrine released from the adrenals of the donor dog and 
reaching the perfused leg of the recipient dog in high enough concentration 
to cause active constriction. 

2. Cevine. Cevine was studied in two experiments. Doses up to 40 mgm. 
were without effect upon arterial pressure or femoral flow in one experiment in 
which a good response was obtained with 0.02 mgm. of veratridine. In 
the second experiment a questionable femoral dilatation was obtained with 10 
mgm. as an initial dose; and a dose of 80 mgm. doubled the blood flow in the 
innervated leg. This dilatation was unaccompanied by any change in heart 
rate, respiratory rate, or blood pressure. It is evident that cevine lacks the 
characteristic depressor property of veratridine even in doses up to 2000 times 
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the minimum effectiv e dose of the ester alkaloid This is in accord w ith previous 
investigations Minch have already emphasized the qualitative difference between 
the effect of cevine and of veiatndine in the cat (12), as well as in the dog (7) 
Discussion The results presented above demonstrate that veratridine 
produces an abrupt fall in blood pressure as a consequence of iefie\ bradveardia 
and vasodilatation, section of the vagi in the neck eliminates the bradycaidm 
and reduces but does not abolish the vasodilatation That the latter effect 
is neurogenic and not the result of a direct action of the alkaloid upon arterial 
smooth muscle is evident from the response of the perfused limb m the cross 
circulation experiments, as well as from the lack of response to veratiidine when 
injected mtra arterially Denervation of the leg, which alters the flow response 
of the femoral bed, does not give clear cut proof of the reflex nature of the 
dilatation, since the capacity of the denervated vascular bed to respond to a 
vasodilating agent is doubtless greatly reduced The importance of collateial 
vessels retaining their nerv c supply , in modifying the expected passu e response 
of the femoral bed in the acutely denerv ated leg is ob\ ious 

The period of apnea resulting from moderate doses of veratudme may well 
modify the circulatory response In two experiments wc have observed well 
maiked dilatation and fall in blood pressure without any respirator} inhibition 
In others artificial respiration did not abolish the vascular effect Moreover, 
while the chemical effect of a peuod of apnea would be expected to produce 
vasodilatation, the reflex cycle initiated by anoxic stimulation of the cuotid 
bodies would lead to the mobilization of pressor mechanisms In one expen 
ment veratridine m a dose of 0 03 mgm caused a greater percentage fall of blood 
pressure and of femoral resistance during a period of artificial respiration than 
equal doses of the alkalotd before and after this period Furthermore v agotomy, 
which largely abolishes the respiratory response to small doses, frequently had 
only a minor effect upon the v asodilntor response (table 1) 

Morphine sulfate, which was injected m a dose of 2 mgm pci hgm m foui 
experiments, appeared to enhance the depressor response to verntndme (see 
tables 1 and 2) Further experiments are necessary to establish the validity 
of tins observation 

It was pointed out that mti a arterial injections of veratridine leading to 
concentrations up to 1 3 000 had no eftect upon blood flow This is peculiar 
in view of the fact that vasoconstriction was observed by various authors when 
veratrme in concentrations between 1 100 000 and 1 1 000 was perfused through 
isolated organs (13 14) It is possible that in oiu experiments the period of 
action of a single dose was too brief to result in constriction 
It is difficult to diaw any companson between the present work, which was 
carried out with pure alkaloids and previous studies on the circulatory action 
of such mixtures as veratrme and tinctures or fluid extracts of Veratrum vmde 
and \eratrum album One of the active principles of the latter preparations, 
protoveiatnnc diffeis m many lespccts from veratridine, as will be shown 
in later communications In conti ast to the effects of \cratrum mixtures, 
veratridine can he injected repeatedly with little tachyphvlaxix 
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Cevine, which caused a significant dilatation of the femoral bed when injected 
in large doses, is known to exert a convulsant action upon the central nervous 
system (12). It is possible that the dilatation observed after a dose of 80 mgm., 
which was not accompanied by a fall of blood pressure, was the result of an 
increase in muscular activity of the leg, although no gross movements were 
noted. 


SUMMARY 

1. Veratridine injected intravenously in dogs of 15 to 19.2 kgm. body weight 
in doses of from 0.02 to 0.14 mgm. produces an abrupt fall in blood pressure 
and heart rate, and respiratory inhibition, by way of reflexes mediated partly 
but not solely by afferent fibers in the vagus nerves. 

2. The fall in blood pressure results partly from bradycardia and partly from 
a vasodilatation of the arterial tree as represented by the femoral arteries. 

3. The peripheral dilatation is neurogenic and not the result of a direct action 
upon vascular smooth muscle. It is independent of the respiratory action. 

4. Vagotomy almost completely eliminates the heart rate and respiratory 
effect of small doses of veratridine, and reduces, but does not abolish, the vasodi- 
latation. 

5. Large doses of veratridine (0.5 to 1.0 mgm.) cause, after vagotomy, an 
increase in blood pressure and heart rate, probably partly as a result of epine- 
phrine liberation. The action of the epinephrine on the peripheral vessels masks 
a simultaneous decrease of vasoconstrictor tone. 

6. Cevine lacks the characteristic depressor effect of veratridine in doses up 
to 2000 times the minimal effective dose of its veratric acid ester. 
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A peripheral atropine like action of certain choline esters w hich w ere recently- 
synthesized bj the authors (1) is reported herein 

The pharmacologic action of choline esters has been considered to have two 
main components (2) The stimulatoiy action on the effector organs of the 
cholinergic nerves of salts of choline, acet) lcholine, acet) I beta methyl choline, 
and carbamylcholine resembles that of muscarine The muscarine like effects 
of cholines are effectively blocked by atropme and other members of the bel 
ladonnn senes Man) choline esters, notably carbamylcholine and acetyl 
cholme, also hav e a nicotine like action, i e , a stimulatory effect on ganglionic 
synapses of the svmpathetic and parasympathetic nervous system and on 
skeletal muscle These effects are inhibited b) curare and large doses of mco 
tine and atropine 

Cholme esters with muscanne- and nicotine like actions are relativel) small 
molecules containing a quaternary ammonium group As this group is highly 
polar, salts of the choline esters such as acetylcholine and carbarn) lcholine hav e 
the physical properties of polar compounds, l e , the) have a high affinit) for 
w ater but are practicall) insoluble in organic solvents and tissue lipids The) 
are surface inactiv e, e g , they have little influence on the surface tension of 
w ater It w as conceived that choline compounds w ith modified physical proper 
ties might have altered pharmacologic effects Dev elopment of surface active 
denvativ es was considered to hnv e greatest promise for it w as known that surface 
activit) had a profound influence on biologic phenomena, e g , on the activit) 
of narcotic agents and on cellular permeabilit) (3) 

Surface activit) of organic compounds is largel) dependent on the presence 
of polar and non polar groups at opposite ends of the molecule Large mole 
cules w ith this structure orient themselv es at the surface of w ater and thereby 
lower the air water interfacial tension To make cholme derivatives with this 
structure necessitated the placement of the large non polar group at the opposite 
end of the molecule from the highly polar quatemar) ammonium group, l e , 
esterification of choline with acids containing large non polar groups The most 
stable and potent of knowm choline esters, carbamylcholine, was selected for 
modification The nitrogen atom in the carbarn)! group has two replaceable 
h)drogens replacement of each hvdrogen b) a chain of four or more carbons, 
or an aromatic ring makes the carbarn)! end of the molecule predominant!) 
non polar, e g , di n butyl carbamv lcholine chloride (fig 1) Tive % aqueous 

1 Part of a stud} being conducted under a grant from the John and Mary R MarUe 
Foundation 


2S5 



2SG 


KENNETH C. SWAX AND X, G. 'WHITE 


solutions of di-n-butyl-carbamylcholine chloride reduce the air-water interfacial 
tension to less than 45 dynes per cm. at 2o°C. Like other surface-active agents, 
it has detergent and bactericidal properties. Concentrations of 0.2~0.5% 
promptly sterilize 24 hour broth cultures of hemolytic staphylococci and strepto- 
cocci. 

In the mammalian eye instillations into the conjunctival sac of 5-10% solu- 
tions of di-n-butyl-carbamylcholine chloride produce mydriasis and cycloplegia 
as compared to miosis and cycyltonia produced by carbamylcholine. Even 
when the new drug is injected 2 into the anterior chamber in threshold concen- 
trations (0.0001%) mydriasis is not preceded by stimulation of the iris sphincter, 
i.e., miosis. In contrast, carbamylcholine produces miosis even when injected 
in lethal doses. The ocular effects of the new drug, therefore, resemble those 
of atropine rather than the muscarine-like action of previously known choline 
esters. In puppy eyes enucleated while under the influence of di-n-butyl- 
carbamylcholine and studied histologically, the morphology of the ciliary body 
is similar to that seen in paresis of the ciliary muscles produced by excision of the 
ciliary ganglion. In the human eye, there is recession of the near point of 
accommodation similar to that produced by atropine. 

(cH 3 ) 3 -N( C H 2 ) a O-C-N-H« 

Cl 


(ch 3 ) 3 c N.(ch 2 ) 2 -oc-n.(C 4 H 9 ) 2 

Fig. 1 

The new drugs, like atropine, produce mydriasis by paresis of the irissphinctcr 
rather than by stimulation of the dilator fibers. In rabbit eyes under the 
influence of di-n-butyl-carbamylcholine, reactivity of the sphincter to electrical 
stimulation of the oculo-motor nerve is greatly reduced while reactivity of 
dilator fibers to stimulation of the cervical sympathetic nerve is not significantly 
effected. In humans mydriasis produced by di-n-butyl-carbamylcholine is 
submaximal, but becomes maximal when the dilator is stimulated, e.g., when 
epinephrine is administered. Muller’s palpebral muscle, another smooth 
muscle with adrenergic endings, also is unaffected by di-n-butyl-carbamvl- 
choline. There is no widening of the palpebral fissure as is produced by instil- 
lations of cocaine and epinephrine into the conjunctival sac. 

Alone, 3 the new drug does not block nerve impulse to skeletal muscle. In 

2 A double syringe sj’stem was devised so that the fluid contents of the anterior chamber 
could be exchanged without alteration of the intraocular pressure or the anatomical re- 
lationships of the iris. A single instillation of }% tetracaine hydrochloride proved 
superficial anesthesia adequate for corneal puncture. 

’ In combination with physostigminc, di-n-butyl-carbamylcholine produces paralysis 
of skeletal muscles in rabbits. This unique synergism will be described in detail in a 
subsequent paper. 
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rabbits under ether or nembutal anesthesia, the superior rectus muscle was 
exposed through a conjunct^ al incision The muscle tendon was detaclied 
from the eyeball and hooked to a muscle le\cr Contractibility of the muscle 
following electrical stimulation of the oculomotoi nerve was only slightly reduced 
by direct applications of 0 1% di n butyl-carbam\ Icholine chloride to the 
muscle In birds in which the ms muscles are of the skeletal t> pe, the new drug 
does not produce raydnasis when instilled into the conjunctival sac in 10% 
solution 

From the abo\c experiments, it appears that di n butyl carbamylcholine 
like atropine produces depression of smooth muscle with cholinergic endmgs 
(mammalian ins sphincter and ciliary muscle) but has little if any influence on 
smooth muscle with adrenergic endings (ins dilator and Mailer’s muscle) 

The above experiments do not establish the exact site or mechanism of action 
of the drugs but there is some indication that the new drugs and the atropine 
series differ in this respect Homatropine and di n butyl carbamylcholine simul 
taneously injected into the anterior chamber of the rabbit eye produce dilatation 
of the pupil m doses approximately one fourth of the minimal effective dose of 
each drug injected separately Therefore, the action of the two drugs is syner 
gistic rather than purely additive as might be expected if the site and mechanism 
of action of the two drugs were the same Furthermore, the similantv of action 
of di n butyl carbamy Icholine and atropine is purely qualitative The duration 
of action of di n butyl carbamylcholine is much shorter than that of atropine, 
or even homatropine The mydriatic action of the atropine senes is much more 
pronounced than then cycloplegic effects, e g , with small doses of homatropine 
it is possible to produce a wade dilatation of the pupil w ithout cy cloplegia in the 
human eye With di n butyl carbamylcholine mydriasis and cy cloplegia often 
develop simultaneously, but in many emmetropic voung adults, recession of the 
near point of accommodation (0 50 pnnt) to 30-50 cm precedes any dilatation 
of the pupil 

As yet, the only clinical use of the new drugs has been in cycloplegic refraction 
and routine internal examination of the eye (4) For this purpose, di n butyl 
carbamy Icholine has the idv ant age of short action and negligible systemic effects 
from ocular administration but requires larger doses than the atropine series and 
occasionally produces a mild transitory disturbance of the corneal epithelium 
Small do c es of homatropine and di n butyl carbamy Icholine may prov e more 
ideal because of their synergistic action than a large dose of either diug alone 
Also the bactericidal and detergent actions of the new drugs may be advanta 
geous in the treatment of ocular inflammations 

Discussion The rev en=al of action of carbamy Icholine by addition of non 
polar groups is unparalleled in autonomic pharmacology Several autonomic 
drugs notably nicotine pioduce stimulation m small doses and depression m 
large, but the reversal of action of carbamylcholine is not a dosage phenomenon 
Even in threshold concentrations in the aqueous humor, depression produced by 
di n butyl carbamylcholine is not preceded by stimulation as judged by size of 
the pupil, moreover, high concentrations of carbamylcholine in the anterior 
chamber do not pioduce pnmarv depression of the ins sphincter 
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SUMMARY 

Surface-active choline esters were prepared by balancing the highly polar 
quaternary ammonium group in carbamylcholine with non-polar groups at the 
carbamyl end of the molecule. The new compounds, e.g., di-n-butyl-carbamyl- 
choline chloride, have an atropine-like action on the ocular muscles rather than 
the muscatine- and nicotine-like effects characterizing previously known choline 
esters. 

Di-n-butyl-carbamylcholine has short action and a proportionately greater 
effect on accommodation than on the pupil while atropine has more prolonged 
action and a greater effect on the pupil. The new drugs and atropine act syner- 
gistically on the iris sphincter. 
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Several papers which suggest the possibility of selenium poisoning in humans 
ha\e been published (1, 2, 3, 4) These were reports of studies made on a num- 
ber of families in the so-called selenium belt, mostly m South Dakota The 
symptomatology of the individuals has not offered definite proof that selenium 
is the cause of the illness Nev ertheless, the disco\ ery of the presence of selenium 
m amounts as high as one part per million in the urine of people living in sele- 
niferous areas has appeared alarming From a consideration of these reports 
we have been interested in the possibility’ that the small amount of selenium 
sometimes occurring in foods might produce toxic effects It has been our 
primary purpose, therefore, to determine the chronic toxicity of selenium at 
Ion levels of intake 

Investigators of the chronic effect of selenium are generally in fair agreement 
that 10 or more parts per million in the diet of the rat is toxic This phase of 
the selenium problem has been discussed in the recent renew of Moxon and 
Rhian (5) To account for differences in results the great variation in indn idual 
susceptibility has been mentioned by Smith (0), and the effect of diets has been 
reported by se\eral authors (G, 7, 8, 9, 10) It is known, also, that young rats 
are more susceptible to selenium than adult rats (7) and that female rats are 
more susceptible than male rats (10, 11) An analysis of the various factors in- 
volved m the disci epancies m reported chronic toxicity studies made it appear 
probable that there might be tw o stages m selenium toxicity In an attempt 
to answer this question we have continued our chronic toxicity studies for the 
approximate lifetime of the rat 

Experimental Female rats of our inbred Osborne-Mendel strain were fed ten different 
rations beginning at three weeks of age A principal ingredient of all rations w'aa grain in 
the ratio of 49 parts of com to 44 parts of wheat In three diets normal corn w as replaced 
in part by Belemum hearing corn to give dosages of selenium of 5, 7, and 10 parts per million 
In another three diets normal w heat w as similarly replaced with selenium w heat to give the 
same dosages of 5, 7, and 10 parts of selenium per million Three more diets contained 
gram mixed with a sufficient quantity of an inorganic selemde*to furmsh 10, 20, and 40 parts 
per million of selenium The tenth ration was the control diet without selenium 

In order to insure a balanced distribution of litter mates, four female rats in each of fif- 
teen litters were assigned to ten different diets as required for balanced incomplete blocks 
of four with ten treatments This design was replicated as a whole three times, giving a 
total of ISO rats The rats w ere kept m individual cages in an air conditioned room for the 
duration of the experiment 


1 Consultant Biomctncian, New Haven Connecticut 

* \ solution of ammonium potassium sulfide and ammonium potassium selenide con- 
taining 48 grams of selenium per liter of solution 
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Length of Survival. The most striking feature in an initial inspection of the 
data was the wide difference in the length of the survival period. Some rats 
died within a few weeks; others were living after two years when the experiment 
was terminated. Between these extremes the mortality rate depended primarily 
upon treatment but was not uniform over the interval. Instead the frequency 
distribution of length of survival tended to be U-shaped, especially when the 
selenium was given in grain. With the cumulative frequencies plotted on 
logarithmic-probability paper, the more detailed study of the mortality rate at 
the earlier periods indicated a break or plateau with relatively few deaths from 
eight weeks to one year. This tendency disappeared in the diets containing the 
two high concentrations of selenium from the selenide, but the discrepancy may 
have been due to the use of higher dosages than in grain. Based upon this dis- 
tribution of survival time, the toxic action could be divided into a subacute effect 


TABLE 1 

Mortality of ratsjm selenium 



DOSAGE OP STLZNIVU 

AT 8 WtCXS 

AT l \EAK 


p-P-tn. 

f- 

•0 

% 

Corn 

5 

n 

17 


7 

33 

39 


10 

07 

72 

Wheat 

5 

0 

5 


7 

44 

01 


10 

67 

72 

Selenide 

10 

11 

50 


20 

72 

100 


40 

94 

100 

Control 


0 

11 


occurring within eight weeks and a chronic effect which might be survived a year 
or more (table 1). 

Analysis in terms of ■percentage kill. The distribution of the mortality rate 
showed a relatively stable condition after an interval of approximately eight 
weeks on the experimental diets with selenium-bearing grain. Accordingly the 
percentage of rats killed by each treatment in eight weeks was selected as a 
second possible criterion. These data were transformed to probits (12) and 
plotted against log-dose in figure 1 . Computed as corrected probits and weights, 
the observations agreed with the fitted curves well within the experimental error. 
Selenium in wheat and in com were equally toxic with the toxicity in wheat 
estimated at 99.3 ± 9.8 per cent of that in com. Combining the data from 
com and wheat, the toxicity of selenium in the selenide proved by a similar cal- 
culation to be 47.9 ± 5,1 per cent of that for selenium in grain. For the rats m 
this particular experiment the concentration of selenium (when contained in 



TOMCm or SELENIUM 


291 


com or wheat) in their diet, hilling one-half of them in eight weeks, was 8 33 =fc 
0 46 parts per million When giv en as a selemde, the LD50 of selenium was 
17 40 ± 1 57 parts per million 

Grouth curves during youth To correspond to the anal} sis m terms of per 
centage hilled during the first eight weeks a stud} was made of the effect of 
dosage ov er this same raterv al The rats u ere three u echs old w hen placed upon 
the experimental diet but in order to simplif} handling the rats, the examination 
at the end of the first week was advanced or retarded b} several da}s in some 
cases, so that all individuals could be weighed on the same day of the week 
Hence, the time between the first and second weighings varied in length from 
four to ten dn}s and was omitted from later calculations, giving growth curves 
based upon the w eights from the first to the eighth w eek inclusive Man} grow th 
curves were plotted individually to stud} the general form of the curv e over this 



Fio 1 Dosage Mortality Curv e 


period The weight of the rat plotted against time m weeks approximated a 
straight line without significant curv ature B} av oiding the first four weeks of 
growth, the logarithmic phase of the growth curve was misled in most cases, b} 
terminating the curve at eleven weeks, the growth rate had not begun its decline 
as the rat approached matunt} Moreover, after approximately one week on 
the experimental diet, the rat prcsumabl} had become adjusted to its new regime 
and was eating more or less regularl} 

The mean growth rates were computed with the orthogonal polynomials for 
the linear term, omitting those measuring curvature Where the record was 
complete, the curve was determined from the eight bod} weights for the first to 
the eighth week inclusive in the usual waj Manx rats, however, died in less 
than eight weeks and for them the curve computed from the data for the first 
week to the last week of growth In many cases the rats gamed regularl} up to 
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the last weighing before death, but frequently the rate of gain either dropped 
abruptly or reversed itself from one to several weeks before death. Since the 
present phase of the study concerned effects on growth apart from the symptoms 
of approaching death, the latter portion was omitted. 

Since the addition of selenium to the diet divided the rats into two categories, 
a more susceptible group which died within eight weeks and a more resistant 
group which survived eight weeks or longer, the differences have been tested 
against the variation within categories of the growth rate of individual rats. 
The growth rates or regression coefficients, however, were not of equal reliability. 
The factor contributing most to this divergence — and the only one of importance 
here — was the unequal period covered by the different curves. For rats dying 
in less than eight weeks, the growth rate often had to be computed from the 
record of only two or three weeks, and in consequence had a smaller reliability 

TABLE 2 


Wean growth rate for first eight weeks on experiment 



DOSAGE OF 
SELENIUM 

DIED WITHIN 8 WEEKS 

"LIVED MOKE THAN 8 WEEKS 


No. of 
curves 

Mean growth 

No. of 
curves 

Mean growth 


p.p.n. 


jrdmj/trrrfc 


tramt/xetk 


Corn ' 

5 

2 

10.15 ±2.32 

16 

14.30 ±.49 

1.278 


7 

6 

12.97 ±1.03 

12 

13.49 ±.56 

.443 



11 

9.84 ±1.24 

6 

14.08 ±.43 

3.225 

Wheat 

« 1 

0 


18 

14.43 ±.42 



mm 

8 

11.43 ±1.07 

10 

13.95 ±.99 

1.727 


1 I 

12 

11.16 '± .00 

6 

13.71 ±.86 

2.418 

Selenide 


0 


1 16 

' 13.69 ±.33 



d 

9 

7.03 ±1.21 

5 

5.79 ±.81 

-.845 



5 

2.49 ±1.29 

1 

3.50 


Control 

■ 

0 


18 

14.90 ±.60 



than if based upon the full series of eight weekly weighings. To compensate for 
this inequality a method suggested by E. A. Fisher for an analogous case has 
been adopted in computing mea n growth ra tes and their standard error. Each 
growth rate was weighted by ViS (i — x)- where x is age at any week and x is 
the mean of the weekly ages of the rat in question. 

The weighted mean growth rates which have been computed for each treat- 
ment and category are listed in table 2. At the higher dosages, some rats lost 
weight from the beginning on the test diet and died within two or three weeks. 
Hence, there were fewer growth rates available with these treatments. On 
selenium-bearing grain, the growth rate tended to decrease as the dosage was 
increased within either group of rats, those living eight weeks or less and those 
living more than eight weeks, but the decrease was too small to be considered 
established with this number of individuals. Between groups, however, the 
more susceptible rats consistently grew at a slower rate on the selenium-bearing 
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gram, the difference being highly significant. If not separated on the basis of 
suru\al beyond eight weeks, the mean growth rate decreased steadilv as the 
dosage increased but this was due pnmarilj to the changing proportion of rats 
from the two categories 

The higher dosage of selenium from the selemde reduced growth to a marked 
degree The evidence indicates that if the animal ingested selenium over its 
tolerance, its growth rate before death was diminished bj approximate!} twentv 
per cent If the dosage was too small to kill the animal within eight weeks the 
selenium may still ha\e retarded the rate of growth but the effect was too small 
and the grow th rate too a amble from one animal to another to consider it es 
tablished 

Effect of selenium on laic groulh At six months the growth rate settled down 
to a fairl} even increase m weight approximate!} one-sixth of that during the 


TABLE 3 

Analysis of lariance for aierage increase tn rale during 26lh to 60th ueek mclusne conccted 
by coianance for grouth rate during first 8 necks tn terms of reduced mean squares 



DT I 

UZAVSQUVIE 

r 

Effect of early grow th 

1 

4 9118 

6 9S* 

\ arintion between treatments in effect earl} 




grow th 

7 

9315 

1 32 

Between 7 treatments and control 

7 

2 4S04 

3 53 1 

Corn vs wheat average 3 dose levels 

3 

1 3359 

1 90 

Between dose levels corn and wheat 

2 

6 14S2 

8 74 1 

In grain vs in selemde at 10 p p m 

1 

92SS 

1 32 

High doses (5) va control 

1 

I 7145 

2 44 

Low doses (2) vs control 

1 

2 5925 

3 6S 

Error within doses pooled corrected for early 




grow th 

78 

7035 

1 


* P < 05 > 01 
tP < 01 


first eight weeks Grow th cun es for a number of indi\ iduals show ed in general 
a lmear trend m more than three fourths of the 30 cases that were plotted 
Hence, the average growth rate was computed with orthogonal polynomials for 
weight of rat against w eeks ov er the inten al from 26 to 50 w eeks mclusiv e on the 
test diet A few individuals died w ithm this in ten al or shortly thereafter, but 
most of them lived much longer, so that the glow th rates could be considered of 
equal rebabilit} 

The mature growth rates m grams per week weie obtained from the 5 to 18 
sun nors on the eight different treatments At this age the effects of litter 
differences presumabl} had disappeaied and would be vei} difficult to evaluate 
m any ca c e because of the man} losses at an earlier age Neither of the two 
higher dosages of the sclentde was represented The vanance of the mature 
grow th rate decreased w ith the number of sun iv ors 

The 87 observations on the mature growth rate weie anal} zed b} covariance 
with the results summarized m table 3 in teims of the l educed mean squares 
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namely the formation of adenomas and low grade non-metastasizing hepatic 
cell carcinomas in 11 of 53 rats surviving at least IS months. Four other rats 
showed marked adenomatoid hyperplasia, interpreted as a transitional stage in 
the formation of the tumors. In over 500 other rats of equal age, either controls 
or rats fed substances other than selenium, the incidence of such liver tumors 
has been less than one per cent. The tumors in the selenizcd rats were both 
single and multiple and as large as 34 cm. in diameter. They have already been 
described and illustrated (14) and as far as we know are the first reported tumors 
arising in experimentally cirrhotic livers after the cirrhosis has been present 
without tumor for a relatively long time. 

Generally speaking, damage to the liver was of two types. Eats dying during 
the first three months, usually between the third and sixth weeks, showed a sub- 
acute type of damage with varying degrees of hepatic cell necrosis, atrophy, 
hyperplasia, cystic dilatation of sinusoids, and focal myelosis. Fibrosis, pig- 
mentation, bile duct proliferation and intrahepatic hemorrhage were slight or 
absent. Gross abdominal hemorrhage was very frequent and appeared to 
originate from rupture of distended subcapsular sinusoids; often there was an 
organizing, pericapsular hemorrhagic exudate. After three months there was 
seen a chronic type of liver damage without intrahepatic hemorrhage or necrosis, 
with less of the cystic sinusoids and myeloid foci seen previously, and with in- 
creasing portal fibrosis, distortion of normal architecture, focal capsular retrac- 
tion, hepatic cell atrophy and focal hepatic cell hyperplasia; in short, portal 
cirrhosis. Nodularity was sometimes so marked that the smaller liver lobes 
grossly resembled miniature bunches of grapes. Ascites was occasionally present, 
and hemoperitoneum of undetermined origin rarely present. Pigmentation of 
the liver, by hemosiderin or otherwise, was usually slight. In the period from 
two to five months, a blend of the two types of damage was seen. 

In table 6 the detailed incidence of cirrhosis of the liver is given. One hundred 
of the 146 rats survived more than three months, and in 71 of these some degree 
of hepatic cirrhosis was present. The cirrhosis was graded as slight in 28 in- 
stances, moderate in 18, advanced in 21 and extreme in 4. 

Experimental lesions caused by selenium in viscera other than the liver are 
rather variable and depend chiefly on the dosage, the species of animal used and 
the age of the animal; in our groups of rats none was characteristic or extensive. 
The basal diet is considered somewhat suboptimal in protein, and for this reason 
both control and test rats showed a slight fatty degeneration of the liver as well 
as a slight atrophy; in the test rats the latter was of course often lost in the more 
marked atrophy accompanying the cirrhotic process. The usual “spontaneous’ 
pathological lesions in the control rats were slight, even at the end of two years. 
Using these as a base line, the selenized rats showed in general slight hyperplasia 
and hemosiderosis of the splenic pulp, slight hyperplasia of the bone marrow, 
slight focal myocardial fibrosis and minor renal changes. The hyperplasia in 
the bone marrow and spleen tended to be erythroid in the younger animals and 
myeloid in the older. Blood was rarely seen in the intestines. There were no 
pancreatic, pulmonary, adrenal or gross cutaneous alterations, and osseous 


TOXICITY OF SELENIUM 


297 


lesions were occasional and slight In the younger rats there was slight Kupffer 
cell and splenic reticulum cell hyperplasia 

TABLE 6 


Incidence of ctrrhosis of liver 



BATS 
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CTSEBOSJS IN INDIVIDDAL BATS 
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+++T, 

+++T 
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18 

12 

4- 
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Totals 

145 

45 

20 

27 

14 

39 

1 


+ =* Slight 
++ = Moderate 
+++ i= Advanced 
++++ =* Extreme 
T = Tumor 

A = Adenomatoid hyperplasia 
? = Undetermined 
* = Experiment ended at 12 mo 
0 — No cirrhosis 


None of the control rats shotted cirrhosis of the liter In fact, among several 
thousand of our rats of all ages, both control animals and those fed substances 
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other than selenium, hepatic cirrhosis has been extremely rare, having been seen 
only two or three times and this in a slight or moderate degree. 

Discussion. The preceding tables and text show that rats fed selenium in a 
grain diet at concentrations as low as 3 and 5 parts per million develop severe 
lasions. Previous reports have not shown severe symptoms of chronic poisoning 
in rats when the ration contained 5 parts per million, or less, of selenium (5). 
On the addition of selenium to the diet there were two categories of rats, a more sus- 
ceptible group which died within the first eight weeks, and a more resistant group 
which survived, in most instances, a year or more. In the more resistant group it is 
fair to assume that severe liver cirrhosis did not fully develop until later in the 
experimental period. If these rats had been killed within the first two months of 
the experiment, this degree of selenium poisoning might not hn\ - e been observed. 
The proportion of resistant rats in each group depended on the concentration of 
selenium in the diet. 

The data on growth rates show that the more susceptible group of rats on each 
concentration of selenium grew at a slower rate than the controls. The more 
resistant groups did not show a significant effect on growth during the first eight 
week's of the experiment; however during the later period this group also grew 
more slowly than the controls. The restricted food consumption of the rats on 
the seleniferous diets may account for part of the retarded growth. However, 
since many rats at the lower concentrations of selenium showed severe lesions 
in the liver, this voluntary restriction of food consumption cannot be the only 
factor in the retarded growth rate. 

The test with 3 parts per million of selenium from com showed a greater 
toxicity than the similar test with 5 parts per million in the earlier experiment. 
The difference can be partly explained by the increased food intake of the rats on 
the lower concentration of selenium. It has been shown (11, 15, 1G) that animal 
fed seleniferous diets voluntarily restrict their food consumption. In general, 
our food consumption records show that this restriction is in proportion to the 
amount of selenium in the diet. The rats on the 3 parts per million, therefore, 
received a relatively higher dosage of selenium than those on the 5 parts per 
million. Other factors, such as a decreased susceptibility of the rats in the later 
experiment and a possible change in the form of the selenium in the coni, may 
account for part of the increased toxicity. The selenium-bearing corn in both 
experiments came from the same batch which had been mixed thoroughly in a 
rotating mixer. Analyses showed that the selenium content of the com had not 
changed during the two-year lapse in time between the two experiments. 

SUMMARY 

Hats fed selenium in a grain diet at concentrations of 3, 5, 7, 10, 20 and SO 
parts per million showed toxic effects at all levels of selenium. 

Selenium at the concentration of 10 parts per million, or more, with the ex- 
ception of tlie 10 parts per million from the selcnidc, killed most of the animals 
within the first eight weeks. Lower concentrations of selenium produced chronic 
symptoms which included a decreased growth rate, a restriction of food con- 
sumption, and slight to severe pathological lesions. 


TOXICITY OF SELENIUM 


299 


Selenium at the concentration of 10 parts per million from the selenide w as 
about half as toxic as the same concentration from wheat and corn 
The outstanding pathological lesion was cirrhosis of the liter, seen m over 70 
per cent of the rats surviving more than three months Among 43 cirrhotic rats 
surviving 18 months or longer, hepatic cell tumors developed m 11 and marked 
adenomatoid hyperplasia in four others Rats dying during the first three 
months showed a subacute tjpe of liver damage Lesions m viscera other than 
the liver were not characteristic or extensive 
Female rats were more susceptible to selenium than male rats 
Rats from different Utters on the same dosage of selenium showed a significant 
difference in growth rates 
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Pethidine hydrochloride is the name which was suggested by the Pharmaco- 
poeia Commission and approved by the General Medical Council (1) for 1-methyl- 
4-phenyl-piperidine-4-carboxyIic acid ethyl ester hydrochloride. It was intro- 
duced into medicine in Germany under the trade name Dolantin; the trade name 
in Britain is Dolantal, in America Demerol. 

The compound, primarily intended for use as a spasmolytic, was soon found 
to have considerable analgesic properties, and many authors have testified to 
its value in this respect (2). Although pharmacological studies of the com- 
pound have been made (3, 4, 5) we have seen no complete laboratory estimation 
of the relative value of the drug as an analgesic. Eisleb and Schaumann (3) 
reported that in white mice a fifth of the lethal dose caused complete lack of 
pain perception, but they gave no details of the method of testing which they 
used, nor do we accept their conclusion. Kiessig and Orzechowski (C) found 
that the drug had a marked analgesic effect in dogs suffering from experimental 
toothache. Sostmann (7) found it to be five to ten times as effective as amino- 
pyrin in analgesia tests. 

In a more recent paper Batterman and Himmelsbach (10) have compared 
pethidine with codeine and morphine on human subjects, using the elegant 
method of Wolff, Hardy and Goodell (11, 12). Their relative figures for the 
efficacy of the new drug are rather less favourable than those recorded here. 

In this study a detailed comparison of Pethidine with morphine, dincetylmor- 
phine, codeine and several of the compounds classed as “antalgiqucs” by Four- 
neau (8) has been made, using a new technique for the detection of analgesia. 

Experimental. When this work was begun, the exact method of testing for the loss of 
pain perception had not been decided. As it was intended to use the same method for 
testing a number of synthetic compounds related to Pethidine, it was thought that the use 
of experimental animals was preferable to the use of human volunteers for the first tests. 

A number of methods which had been described previously were tried, but partly owing 
to inability to obtain consistent results with most of these, and partly because the only 
cxperimental animals obtainable in sufficient quantity at the time were mice, it became 
evident that a new technique was desirable. 

After a number of methods of applying a painful stimulus to a mouse had been tried, 
stimulation by heat seemed to be most satisfactory, and an extremely simple apparatus 
was designed and made. This apparatus consists of a zinc plate which can be maintained 
at temperatures of 45°C. upward with an accuracy of ±0.5°C. On the zinc plate is a hollow 
glass cylinder, 15 cm. in diameter, into which the mouse is dropped, so that it is forced to 
stand or walk on the heated metal plate. 

Various plate temperatures were tried, in observing the reactions of normal mice when 
dropped on to the plate. It was found that at temperatures up to 50'C. the mice reacted 
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irregularly some showing evident signs of discomfort within about twenty seconds while 
others seemed quite comfortable formuch longer periods At higher temperatures how ever, 
all mice reacted although there was a considerable degree of individual variation It was 
found that at 55°C all tested animals reacted w ithm thirty seconds and at 60°C all re 
acted within tw enty seconds The first signs of discomfort show n by a mouse on the hot 
plate are that it sits up on its hind legs and licks or blows its front pans to cool them In 
a few seconds the pam is too great to be borne by the bach paw s and the mouse either hicks 
its legs and dances about the restraining cylinder or attempts to jump out of the cylinder 
As normal mice often sit up and groom their front paws the movement of the hind limbs 
has been used as the criterion of acute discomfort 

The standard time of exposure to the pam stimulus has been 30 seconds The mice are 
tested at regular intervals after injection of the drug under test— at intervals of ten minutes 
for the first hour after injection then at intervals of twenty minutes for at least two hours 
or until the mouse is again sensitive to the particular pain stimulus used whichever period 
is greater It has been usual to employ groups of ten mice at each temperature at each 
dose The temperatures used have been 5o°C to 70°C in steps of S°C Higher tera 
peratures ha\e not been used as there is the probability of damage to the feet with con 
sequent altered threshold 

The period of analgesia produced in each mouse can be estimated m this w ay with some 
degree of accuracy and the average duration of analgesia for each group of ten mice after 
injection calculated Thus under A in tables land 2 8/10 means that of the 10 mice tested 
with the drug at that particular dose level 8 showed analgesia in that they did not respond 
in 30 Bees on the hot plate under B the figure gives the average duration m minutes of 
analgesia in the animals in which such response was established under C the figure is the 
standard delation of the figures for which Bis the average and underD the average delay 
before the onset of analgesi in minutes There is considerable individual variation in 
response as will be seen from tl e large standard deviations from the mean durations of 
analgesia shown in table 1 and m table 2 

The drugs used have been given in aqueous solution by subcutaneous injection under 
the skin of the abdomen It is important that the same site of injection be used throughout, 
as preliminary experiments supported the view (9) that morphine and related drugs are 
more activ e m mice w hen injected under the skin of the back than w hen injected under the 
skm of the abdomen Thus the LD J0 for Pethidine hydrochloride by subcutaneous 
injection in the mice wc have used is 300 nigm /kgm under the skm of the abdomen 190 
mgm /kgm under the skin of the back Other workers have given lower figures for the 
LD to by subcutaneous injection in mice viz 150 mgm /kgm (3) and 160 mgm /kgra (4) 
The mice used have been of uniform stock Adults weighing 24 32 grams average 27 
grams were used to avoid as far as possible differences in susceptibility due to age van 
ations 

Discussion Each chug has its own characteristics, as follows 
Morphine is an efficient analgesic against even severe pain stimuli if used m 
sufficiently large doses It can produce long lasting analgesia, which reaches 
its maximum intensity about thirty minutes after injection It is somewhat 
irregular in action, the individual variation in response being considerable 
Diacctylmorphinc is very much more regular in action with much smaller 
individual variation in response The analgesia produced is at its maximum 
about ten minutes after injection 

Codeine can produce long lasting analgesia if gi\ en m sufficiently laige doses, 
which, how ev er, approach the lethal dose Variation in response is considerable 
Maximum intensity of analgesia is reached about thirty minutes after injection 
Pethidine can produce long lasting analgesia against mild pain stimuli, but 
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it is ineffective against severe pain stimuli of tlie type used. Analgesia reaches 
its maximum intensity in about twenty-five minutes. 
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if A” indicates proportion of animals in which analgesia was seen 
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"D" indicates the average time of onset of analgesia (minutes after injection). 
* One animal of this group died within an hour of injection. 


Phcnobarbital sodium [plwnobarbitonc (B.P.)l had no analgesic action in doses 
lower than the anaesthetic dose. 50 mgm./kgm. produced hypnosis in two of 
the ten mice used, 75 mgm./kgm. in eight of the ten mice, 100 mgm./kgm. v>as 
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a strong hypnotic, and 200 mgm./kgm. was anaesthetic, taking full effect about 
half an hour after injection. 



Dose mgm./kgm. 
Fio.2 



Dose mgm./kgm. 
Fio. 3 


Aminopyrin (Amidopyrin B.P.) had some slight analgesic action at 300 mgm./ 
kgm. With a dose of 400 mgm./kgm., however, the mice were too jumpy amt 
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irritable for the test to be earned out With 800 mgm /k gm three of the five 
mice injected died within twenty minutes, and one of the remaining two mice 
died within a day 



TABLE 3 

Table of doses ( mgm /kgm ) 


DU* A1IOS 

| 55 *C 

I 60*C 

| 6J*C 

| 70*C 

GESIA 

JJ | 

D 

c 1 

P 

M 

D 

c 

r 

M 

1 

D | 

C 

P 

M 

D 

Li| 

P 

mtnulcs 

















30 

7 5 : 

3 2 

57 

44 

17 0 

1 6 4 

109 

97 5 

21 2 


155* 






60 

14 2 j 

9 3 

100 

72 



155* 










90 

20 7 


148 

102*| 














•Extrapolated figures 
M => Morphine HC1 
D = Diacetylmorphme HC1 
C = Codeine HC1 
P ■= Pethidine HC1 

Antipynn (Phenazone, BP) had some analgesic activity m very large doses, 
the effect reaching its maximum m about twenty minutes It is less potent than 
aimnopynn 

Aspirin (Dissolved with the aid of twice its weight of sodium citrate) had no 
analgesic action m the doses used With 600 mgm /kgm four of the ten mice 
were in convulsions ten to fifteen minutes after injection With 800 mgm/kgm 
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two out of five mice were in convulsions within ten minutes of injection and one 
more within forty minutes of injection. Two of the mice died about an hour and 
a half after injection. 

In figures 1 to 4 the average duration of analgesia for each group of mice is 
plotted against the dose of pethidine, morphine, diacetylmorphine and codeine 
hydrochloride. It will be seen that there are straight line relationships between 
dose and duration of effect within the limits of these experiments. 

\ In table 3 the doses of each drug necessary to produce analgesia lasting thirty, 
sixty, or ninety minutes at each temperature have been read from figures 1 to 4, 
and in table 4 these figures have been reduced for comparison, morphine hydro- 
chloride as the standard analgesic drug being used as the unit. It will be seen 
that morphine hydrochloride is about seven times as active as is codeine hydro- 
chloride, and about one half as active as is diacetylmorphine hydrochloride. 
Pethidine hydrochloride has between one fifth and one sixth of the action of 
morphine hydrochloride against mild pain stimuli, but as has been mentioned, 


TABLE 4 

Ratio of doses in table S 
(Morphine HC1 «= 1) 
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M = morphine H Cl. 

D = diacetyl-morphine HC1. 

C = codeine HC1. 

P = pethidine HC1. 

it is quite ineffective against more severe pain. As it is a spasmolytic too, it 
may be more valuable against pain produced by, or due to, spasm. 

The comparative figures for morphine, diacetylmorphine, and codeine agree 
very well with results obtained by other methods and with clinical experience, 
and this supports our belief that the method used is reliable as well as simple. 

SUMMARY 

1 . A new method for the evaluation of analgesics is described. 

2. By the use of this method, comparison of morphine, diacetylmorphine, 
codeine and pethidine hydrochlorides has been made. 

3. Pethidine hydrochloride has been found to possess one fifth to one sixth of 
the analgesic activity of morphine hydrochloride against mild pain stimuli, but 
to be ineffective against severe pain. 

4. Aminopyrine and antipyrin are effective only in very large doses. 1 heno- 
barbitone sodium and aspirin have no analgesic action that can be detected by 
this method. 
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Poisonmg caused by the bite of spiders of the genus Lairodectus has been known 
since olden times (6) It is of frequent occurrence m the United States, Chile, 
Columbia, Guatemala, Mexico, Uruguay and Argentine (Lairodectus maclans ), 
in Australia and New Zealand (Lairodectus hassclln), m Italy, Spam and Russia 
(Lairodectus Iredecimguttalus) , in South Africa (Lairodectus indistinctus), and in 
Madagascar (Lairodectus inenaiodi ) In Argentine many hundreds of cases have 
been reported ( Latrodectus maclans ) and we have recorded some 300 m the 
provmces of Buenos Aires and Santiago del Estero alone Generally it happens 
to rural laborers, who, with exposed chests, handle hay or load cereal bags At 
present, it is seen not infrequently among urban residents (9) 

Eight species of this genus have been described m Taxonomy 1) Lairodectus 
palhdus (Cambridge, 1872), 2) Lairodectus hystnx (Simon, 1889), 3) Lairodectus 
trcdecimgullatus (Rossi, 1770), 4) Latrodectus geometricus (Koch, 1841), 5) Latro - 
declus foliahts (Mello Leitao, 1940), 0) Latrodectus concinnus (Cambridge, 1905), 
7) Lairodectus indistinctus (Cambridge, 1905), and 8) Latrodectus maclans (Fabri- 
ciiis, 1775) The first, second, fourth and eighth species are considered the 
fundamental ones (2) In our mv estigations we hav e used some 12,000 spiders 
of the species Latrodectus mactans (Gerschman and Schnpelh) Some experi- 
ments have been made usmg Latrodectus geometricus 
The bite of Latrodectus maclans causes in man a typical syndrome from which 
the diagnosis can readily be made, even without knowledge of the bite With 
the bite a small puncture can he seen After a latent period of about a quarter 
of an hour, a burning pain is felt m the bitten area and this soon spreads over the 
whole body The pain becomes of an agonizing character and is accompanied 
by a state of mental irritability and restlessness In addition, tremors and 
clonic contractions are noted, appealing fiist in (he bitten area and later ex- 
tending throughout the w hole body P un and neui omuscul u m unfestations ai e 
intermittent and slowly grow in intensity As the poisoning progresses, there 
come spasmodic movements of the legs, abdominal rigidity, marked salivation 
and lacrimal secretion, exhausting sweatmg, the sensation of precordial op- 
pression and fear of imminent death There is noted hy peresthesia, exaggerated 
reflexes, usually tachycardia and hypertension Among other effects very fre- 
quently observed are intestinal and vesical palsies, albuminuria and oliguresis 
Occasionally priapism, seminal emissions and enuresis occur All of these 
symptoms lessen m a few hours but return to some degree on the following days, 
lasting altogether for from 48 to 72 hours Throughout the poisonmg, the local 
effects are insignificant — a small red puncture spot and sometimes a localized 
edema 
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The usual treatment has been purely symptomatic. The patient is kept at 
rest in bod, and morphine given for the relief of pain, reinforced by external heat 
or hot baths.. Large amounts of fluid arc given, and cardiac stimulants, diuretics 
and cathartics administered when indicated. The intravenous injection of 
calcium gluconate (10 cc. of a 10% solution) is reported useful (Hodges 3 
Young 13). ’ 

On account of the inadequacies of symptomatic treatment, studies have been 
carried out with the purpose of producing an antitoxin serum. A horse was 
immunized with subcutaneous injections of Latrodccius mactans’ cephalothorax 
triturated and suspended in saline. (Pirosky, I., Sampayo, It., and Franccschi, 
C. / and 8). The injections were made with a relatively small dose for a period 
of 14 weeks and with a high dosage for the following 7 weeks. The serum ob- 
tained from the horse was treated in two ways — by precipitation with sodium 
sulphate giving a purification index of 1.35, and by digestion with pepsin (Pope’s 
method) with a purification index of G. One cc. of the latter protected 50% of 
the white mice against 3 minimal lethal doses. One gram of proteins obtained by 
precipitation protected against 49.5 M.M.D. This serum has a high preventive 
and curative power for the poisoned Guinea-pigs, but offers no protection against 
the venom of Clemis nigriventer and Lyco&a raptoria. Here there is no comple- 
ment fixation and no precipitins are found. We have also prepared a standard 
“test serum” according to the technique of the Instituto Bactcriologico del 
Departamento National de Higiene. 

We have used the serum in treatment of patients in dosage of 10 cc. given sub- 
cutaneously (7). In the few cases in which it was given, all the toxic manifesta- 
tions had disappeared within three hours after the injection. In very serious 
cases, the intravenous route might be used, after having tested the subject’s 
sensitivity intradermally. 

Pharmacological Actions. The pharmacological actions of spider venom have 
been studied bj’ a number of investigators: Houssay and Negrete (4), Troisc 
(11, 12), D’Amour ot al. (1) with Latrodccius mactans ; Kellaway (5) with Lalro- 
dccivs hasscltii and Shapiro et al. (10) with Latrodccius indislinclus. 

The work reported here deals especially with the action of the venom of Latro- 
dccius mactans on the central and peripheral nervous system and on striated and 
non-striated muscle of various animal species. The venom was obtained from 
the glands without chcliccrae. Varying quantities of the glands were triturated 
in saline solution and the whole opalescent suspension injected without filtering. 

The striking effects of the venom arc due mainly to actions on the central 
nervous system. These and other actions studied are described under separate 
headings. 

A clions on the Motor System . We were able to find changes in the motor system 
in all the animals experimented upon: a) initial trembling in Guinea-pigs, and 
also in dogs after an intravenous injection of venom; b) contractions of the 
skeletal muscles and stiffness of the abdominal wall (Guinea-pigs, cats and dogs); 
and c) non appearance of these phenomena in denervated muscles. 

Troisc (11) proved that the intraspinal injection of venom in decapitated frogs 
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produced generalized trembling and muscular rigidity. We have been able to 
prove a similar but more intense symptomatology in spinal dogs. 

The central nervous origin of the nervous manifestations caused by injection 
of the venom has been shown by the registration of the electrical phenomena 
produced by the spontaneous activity of the ceicbral cortex, spinal cord, nerve 
and muscles. 

The electroencephalograms of Guinea-pigs — nembutal anesthesia — showed after 
the injection of the venom, acceleration of the fundamental rhythm (from 4-5 p.s. 
to 20-25); a rise of its amplitude (from 45 to GO microvolts) and the appearance of 
rapid spicae. The amplitude of the oscillations diminishes secondarily. The 
effects come on in a couple of minutes after intravenous injection but only after 
about fifteen minutes following subcutaneous injections. The injection of the 
extract from one half or one gland will produce the effects. The intravenous 
injection of large doses, an extract of 10 glands, causes bronchial obstruction and 
asphyxia which in themselves produce alterations in the electrical activity. 

These electric manifestations gradually disappear following the intravenous 
injection of anti Latrodcclus serum, as shown in figure 1. 

Intravenous injection in a nembutal-pcntothal anesthetized cat produced 
intensification of the electrical activity of the brain, shown by the appearance of 
waves of greater amplitude and frequency, 18 minutes after the injection. These 
began to diminish 25 minutes later and become similar to those present before 
the intoxication 45 minutes afterwards. 

Similar phenomena have been observed on registering the electric activity of 
spinal cord, nerve and muscle; speeding up of spinal rhythm, appearance of waves 
in nerve and spicae in innervated muscle. These changes are visible 5-10 
minutes after the injection and increase up to 20 minutes decreasing after this 
period (fig. 2). 

In decerebrated or in spinal animals, the spinal nervous and muscular activity 
is more intense than in intact animals, especially the spinal activity. 

If electrodes are placed on the head and both hind-legs, .one of which is totally 
denervated, the appearance of the electroenccphalographic modifications in the 
cortex is followed by the production of small spicae in the innervated muscle, 
while no modification is observed in the denervated leg (fig. 3). In 18 minutes 
after the intravenous injection of extract of 5 glands, real volleys of spicae are 
observed in the innervated leg. Decapitated dogs or cats show similar phe- 
nomena. 

Action on striated muscle: D’Amour et al. investigated the action of the venom 
of Latrodcclus mactans on neuro-muscular preparations of toads. The authors 
conclude that the effect of the venom on muscle is not direct but comes from the 
action on the central nervous system. We have confirmed D’Amour’s results. 
Preparations of Sartorious muscles of toads ( Bufo orenarum ) placed in Ringer’s 
solution containing the venom (I mg. of the gland to 10 cc. Ringer’s) showed 
no contraction. 

Sensory System. Hyperesthesia and paresthesia are common in human beings 
bitten by the spider. The most striking manifestations of the syndrome caused 
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by the bite, however, are the wide spread pains, along the spine, in the muscles, 
in the joints. In our experimental animals following venom injection, hyper- 
esthesia was present and we have commonly observed manifestations of in- 
tensive pain cries or vails. 
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all abdominal viscera. There is a centra! nervous factor and a humoral accessory 
one (sec action on circulation). 

Sccrchon of adrenalin: The venom has no significant effect on adrenalin se- 
cretion as shown through adrenojuguiar anastomosis and by effects on the nic- 
titating membrane. 

Action on the nictitating membrane: In adult cats of 2.2 to 3 kg. weight , under 
nembutal and sodium pentothal anesthesia, the eyeball was extirpated and the 
nictitating membrane attached to a writing lever. The intravenous injection 
of the extract of 3 glands produced a slow and delayed contraction of the mem- 
brane, coming on 6 minutes after the peak rise of the arterial prcsurc. This 
action did not occur with the same or a larger dose (extract of 5 glands) following 
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Fig. 4. Preventive Action of Anti-I.atrodcctcs Skrum. Dor, 7, 1 Ko., Asivtai, 
From top to bottom: Xcumogram, carotid pressure, time in minutes. Xo modifications 
on tracings noticeable, save a slight fall of pressure, possibly due to reflexes caused by 
injection. Initial pressure: 00 mm. Hg. 


extirpation of the superior cervical sympathetic ganglion, although here 1 micro- 
gram of adrenalin injected intravenously produced an immediate contraction. 

These results show that if there was any increase in adrenalin secretion, this 
was too small to be effective. 

Pupil: Pupillary dilation was seen in toads following intravenous injection 
of the venom. It is also seen in cats, but not after extirpation of the superior 
cervical sympathetic ganglion. 

Color of skin: Pallor of the skin of toads [Bufo arenamm Ifcnsci) was produced 
by the intravenous injection of venom. The pallor corresponds to that produced 
by central nervous stimulation, restraint, operations, light and injection of 
adrenalin. 

Sympalhin: The intravenous injection of venom produces a decrease in the 
volume of the spleen, even when this is denervated and when the two adrenals 
have been excised. This suggests a possible liberation of sympathin or a direct 
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action of the \ enom, or both Contraction of the denen ated spleen is slow ed 
bj Fourneau 933, but is not suppressed (fig G) 

Latent period The latent period which ah\a\ s exists betw cen the intrav enous 
injection of the \enom and the occurrence of its effects, is vei) striking This 
suggests the possibility of a slow central non ous penetration or of a chemical 
transformation 




Fio 5 Potentiation throloh Cocaine (1 Co per Ivo ) of Hypertensive Action or 

LATRODECTUS VtACTANB \ ENOM 

Dogs6-7hg anaesthetised with nembutal time m minutes Injectionof 15glandsench 
In both eases cocaine potentiated the hypertensive action of the venom Compare with 
figures 6 and 7 

Action of adrenalin In one experiment, after injecting \enom we observed 
an inversion of the bronchial action of adrenalin (Bronchoconstnction) 
Other experiments demonstrated that adrenalin increased arterial pressure after 
the intoxication but we did not notice any qualitative or quantitative modi- 
fication of its action as reported bv Shapiro et al (10) 

Action on the circulvtorv sxstevi Action on arterial pressure Shapiro 
et al (10) experimenting with the venom of Lalrodcctus tndistinclus found w 
rabbits and in anesthetized and in decapitated cats a rise of blood pressure 
Troise (11) observ ed that v enom of Latrodectus mactans injected intrav enously 
in anesthetized dogs produced strong and prolonged elevation of the arterial 
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pressure He considered tint the hypertension was probably of central origin 
However, a new sample of venom, m spite of being more toxic, had little hyper- 
tensive power From this he inferred that the hypotcnsiv e effect was due not 
to the neurotoxm in the venom but to another constituent, quite separate from 
the toxic factor 

We have carried out expei invents with cats, dogs and rats and have observed 
in all of them hypertensive action with different samples of glands of Lalrodcclus 

TABLE 1 
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madam kept m tulphuuc vacuum at low tcmperatuie I he estent of the n e 
m prcssuie wa*» not umfoim with different samples of venom, which gives support 
to Troises conclusion that it is due to other than the ncurotoxic punciple 
I Hypn tension in ilogs Of 25 animals weighing between 5 and 20 kg all 
of them injected mtiav enough with i mater it e of glands m a proportion of 
15 to 30 glands foi 10 cc of saline, onh a single animal did not lespond with 
rise of arteinl pie sure (Ste table 1) Rises ranged from 10 to 112 Hg mm , 
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beginning in some eases nearly immediately after the injection, lmt in most, 
after a latent period, which varied from 30 seconds to -) minutes. The curve' 
reached its highest point between G and 9 minutes, beginning to drop afterwards 
and reaching its original level between 15 and 20 minutes after the injection. 

//. Hypertension in cals: In two experiments we observed a similar curve to 
that found in dogs. Shapiro et nl, (10) described an initial drop of pressure 
which we did not notice. 

HI . Hypertension in rats: In two experiments— with white rats of 200 grams 
of weight, anesthetized with nembutal — blood pressure ro«e immediately after 
intravenous injection of extract of 4 glands in 0.75 cc. of saline. This rise was 
followed by a drop and then by another slower ri=e reaching its peak 5 minutes 
after the injection. The increases were as high as 40 mm. llg. 
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Fig. 7 . Dog 9, S Kg., Auvtu. 

From top to bottom : Xeumogram, carotid pressure, time in minutes. As n coiMrfjucnrc 
of the first infection of 20 glands a rise of arterial pressure and modifications of respiratory 
rhythm were observed. After normalization of the dog. the reinjection of ttie same dose 
produces none at the former actions. Initial pressure: 103 mm. Hg. 

Tachyphylaxis: \Vc have often observed that the repetition of the toxic (loses 
or the injection of still larger doses had no pharmacological effect whatsoever. 
(See fig. 7.) 

Action of the (?>i/j-LATHODECTUs scrum: After the intravenous injection of 1 cc. 
of nnti-Lalrodcclus purified scrum the administration of venom from 20 glands 
produced neither hypertension nor any change in respiratory rhythm in an 8 
kg. dog. No alterations in the electrocardiogram were noted (see fig. 4). 

On injecting 1 cc. of scrum at the peak of the hypertensive curve, when altera- 
tions of the neumogram were already noticeable, a drop in arterial pressure and 
return to normal of respiratory movements followed. 

Mechanism of hypertension, a) Central nervous system: The decapitated ani- 
mal showed the typical rise of blood pressure on the injection of Latrodeclus 
maclans’ venom. 

It was observed also after extirpation of the carotid sinus and section of both 
vagi. The direct action on the spinal cord is shown by these experiments. 

b) Hole of I he splanchnic: Eviscerated animals (without gut, kidneys and 
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liver) also show ed increase of pressure after the injection of venom This suggests 
that the hypertension is not due only to the contraction of the splanchnic area 

c) Adrenals and adrenalin secretion The rise of arterial pressure is not due 
to a discharge of adrenalin, as it is 6een in animals after extirpation of the adrenals 
(3 experiments) Further, with suprarenojugular anastomosis (dogs) we did 
not find adrenalin discharge 

d) Reflex and peripheral excitability of vasomotor neries Troise (12) studied 
whether the venom modified the reflex excitability of vasomotor nerves and the 
action of direct excitability of the great splanchnic o\ er the arterial pressure 
While the action of the venom lasted, he observed a marked increase of the 
reflex hypertensive action produced by the excitation of the central vagus, 
otherwise hypertensions produced by central excitation of the sciatic ner\ e and 
peripheral excitation of the great splanchnic and vagus did not suffer noticeable 
modifications 

e) Production of renin or hypertensine Because the curve of hypertension 
resembles the one produced by the injection of renin, we investigated whether 
the increased pressure could not be produced by production of hypertensine 
Incubation “in vitro” of venom with hypertensmogen did not produce hyper- 
tensine The hypertension is not due to liberation of rerun since it was evident 
in animals deprived of kidneys 

f) Atropine, Foumeau 933 , Pitressin, Cocaine , Adrenalin The hypertensive 
action is not prevented by the injection of Atropine (1 mg x kg ), Foumeau 
933 did not prevent but diminished the increase of arterial pressure, in our 3 
experiments During the venom action Pitressin produced its customary effect 
On the other hand the previous injection of Cocaine (1 eg x kg weight) rein- 
forced the hj pertensive action of the venom (see fig 5, two experiments) 

g) Latent period The existence of a latent period between the injeotion and 
the appearance of the different pharmacological actions of the \enom, makes 
plausible the hypothesis of the freeing of a substance, through catalytic action 
of the venom 

h) Plethysmograms of the spleen In Troise's (12) experiment the plethysmo- 
gram of the spleen showed no modification, but he used venom without hyper 
tensne action We have made plethysmographic records of the spleen in 
dogs, anesthetized with nembutal, registering at the same time the arterial 
pressure 

The spleen contracted intensely shortly before the end of the latent period, 
preceding the rise of the arterial pressure (see fig G) This contraction was also 
obsened m dogs with denervated spleens (fig 6, II), proving a direct humoral 
action on this organ This can not be explained by adrenalin secreted by the 
adrenals, since it was observed m animals with bilateral adrenalectomy (fig 6, 
III) It is difficult to prove w hat humoral factor is invol\ ed in the contraction 
The effect might be due to sympathm formation for following the injection of 
rourneau 933 (10 mg per Kg ) the spleen contracted (fig 6, IV) The contrac 
tion howe\er came on more slow 1} than before It is possible that the \enom 
has a direct action on the spleen and that the contraction represents a combined 
s} mpathm and direct action 
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i) Plcthysmograms of the gut : In our experiments wo have found passive 
dilatation of the gut, which might be referred to direct action of the venom or, 
with more probability be a consequence of the rise of portal pressure, which we 
did not register. 

j) Pldhysmograms of the kidney: In one experiment, we have obtained passive 
renal dilatation coincident with the rise of arterial pressure. In another the 
kidney contracted after a latent period of two minutes, preceding shortly the 
beginning of hypertension. . In both cases there was suppression of diuresis 
produced previously by the injection of hypertonic glucose solution. 

Action on the heart. Isolated heart: The effect of the venom of La'lrodcclus 
indislindus on the hearts of cold blooded animals (Xenopus laevis and Bufo 
arenarum) and in mammals (cats and rabbits) has been studied by Shapiro, 
Sapeika and Finlayson (10). The movements in the cat’s heart were registered 
by the Cushny myocardiograph and the electrocardiograph. Among the effects 
noted were decrease in amplitude of contractions, irregularities, auricular fibri- 
lation, and heart block. An inversion of the T wave was shown in the electro- 
cardiogram. 

Using the electrograph, we have investigated the action of the venom of 
Latrodectus maclan’s and of the anti -Lalrodcclus serum on dogs and Guinea- 
pigs. In dogs there was found a reduction of voltage of R, an elevation of the 
ST segment and iterations of T, which changed from bifnsic to positive in Lead 
II and Lead III. These alterations did not occur if an injection of 1 cc. of nnti- 
Latrodcctus serum was given previously. With Guinea-pigs we observed, in 
every case, a change in direction of the T wave, which as in the case of the dog 
was prevented by a previous injection of scrum. In one experiment, injection 
of venom from 0.5 gland intravenously produced a change of ST and of T which 
from 0.5 mm. positive and 1 mm. negative respectively were transformed into 
isoelectric. The injection of 0.5 cc. of serum caused the T wave to turn negative 
after 2 minutes; with rapid improvement of the animal. 30 minutes after the 
injection of the serum we obtained again ST = +0.5 and T — — 1 mm. 

Action on Respiration. In the Guinea-pig the venom induced bronchial 
contraction. In the dog most of the respiratory changes recorded were due to 
muscular contractions of the thorax and abdomen. 

In a dog receiving the venom of 30 glands, irregular breathing, with strong 
increase in respiration movement, alternating with periods of apnea were ob- 
served 4 minutes after the injection, concomitant with the peak of blood pres- 
sure rise. Generalized tremors and muscular contractions were also present. 
After injection of 1 cc. of anti -Latrodectus Ferum all these actions of the venom 
disappeared. Another dog was given 1 cc. of the scrum and 22 minutes later 
the venom of 20 glands. There was no modification of the pnemnogram in 
this case (fig. 4). 

Action on Involuntary Muscular Organs. We were not able to find any action 
of the venom on the following involuntary muscular organs: Broncliia of Guinea- 
pig, bronchia of dog, isolated gut of Guinea-pig and non-pregnant uterus of 
rabbits. 
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Action on Blood Composition. In two dogs, one unanesthetized and one anes- 
thetized with nembutal, the venom of 20 glands caused an increase in blood sugar 
from 67 to 112 mg. per cent and from 04 to 120 mg. per cent respectively. The 
venom was not haemolytic. Changes in blood P, K, Ca, Na and Cl were too 
small to have significance. 


SUMMARY AND CONCLUSIONS 

1. The occurrence and symptoms of poisoning from the bite of Lalrodeclus 
madam are described. 

2. The toxic substance is present in the glands of the spider and can be ex- 
tracted by trituration of the gland in saline solution. An antitoxic serum has 
been obtained by immunizing a horse with the venom. 

3. The venom contains a neurotoxic substance which has a diffuse excitatory 
action throughout the entire central nervous system, shown by electrical regis- 
tration of the cortex, spinal cord and motor nerves. The isolated Sartorious 
muscle of the toad and denervated mammalian muscle are not affected by the 
venom. 

4. The excitation of the central nervous system involves the autonomic system. 
There is a rise in arterial pressure due to generalized vasoconstriction. It is 
not affected by atropine, but strongly reinforced by cocaine and diminished or 
abolished by Foumeau 933. The rise is present after removal of the adrenals, 
the kidneys or all abdominal viscera and after decapitation and extirpation of 
the carotid sinus and section of both vagi. Contraction of the nictitating mem- 
brane and dilatation of the pupil are caused by the venom but are absent after 
extirpation of the superior cervical ganglion. 

5. The venom does not produce a significant increase in adrenalin secretion. 
It causes a decrease in the volume of the spleen, even when this is denervated, 
suggesting a possible liberation of sympathin or a direct action on this organ. 

C. Abnormalities in respiration are produced by the venom but these are 
results of thoracic and abdominal muscle spasms. 

7. The venom has no effect on the involuntary muscles tested, bronchioles, 
intestine and uterus. 

8. Tachyphylaxis is seen with the venom in that repetition of dosage is without 
pharmacological effect. 

9. The intravenous injection of the antitoxic serum prevents or abolishes the 
poisonous effects of the venom. 
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It w as shown by Trendelenburg (1) that with small doses of epmephnne there 
was a close parallehsm between the mcrease m blood pressure and the concentra- 
tion of the hormone m the arterial blood The effects of such doses were quite 
transitory and when the arterial pressure returned to the control level the in 
jected epmephnne had disappeared from the circulating blood The rapid dis 
appearance of epmephnne from the blood of the intact animal can best be 
explained by assuming that the epmephnne molecule is changed to a pharmacolog- 
ically inactive form in the tissues However, it is likely that this inactivation is 
a complex process because it can be retarded by a variety of substances (ammo 
acids, ascorbic acid, glutathione) which probably affect different reactants or 
reactive groups (for reviews cf Trendelenburg, (2),Bemheim, (3),DeMeio, (4) 
On the basis of recent evidence there are at least three possible enzymic mecha- 
nisms for the inactivation of epinephrine in vivo 

(а) Oxidation of the hydroxy groups by the cytochrome sj stem (5) or by polyphenol 
oxidase (tyrosinnse) (6) to give the pharmacologically inactive pigment adreno 
chrome This unstable substance is slowly oxidized to a melanin (5) 

(б) Oxidative deamination of the sidcchntn, catalyzed by amine oxidase (7, 8) to yield 
the corresponding aldehyde and methjlamine (9) which are also pharmacologically 
inactive 

(c) Esterification, followed by excretion of epinephrine ns the inactive sulphate ester 
Esterification appears to occur chiefly in the liver where it is catalyzed by a "sulfo 
synthase' (10,11,13) 

The relative importance of these mechanisms in the inactivation of epmephnne 
in vivo is not yet clear (cf Rich ter and Macintosh, 11, Alles, Blohm and Saunders, 
13, Philpot and Cantoni, 14, Richter and Tingey, 15, Torda, 1G, and the review's 
of Bemheim, 3, and DeMeio, 4) 

In the course of studies on hypothermia in mammals the question of the effect 
of lowered body temperature on the inactivation of epmephnne arose It has 
been reported that the action of the hormone is prolonged at reduced bod} tem- 
peratures (17, 18, 19) but the data available are not very convmcmg The 
results of two lines of investigation are reported m the present paper, (1) A 
study of the effect of temperature on the rate of oxidativ e deamination of epi- 
nephrine bj ammo oxidase in vitro, (2) A study of the response of the acutely 
denervated nictitating membrane of the cat to the administration of epmephnne 

1 Supported by grants from the Markle Foundation and from the Fluid Research Tund of 
Stanford University Medical School 
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at rectal temperatures ranging from 12.9° to 42.3°C. This part includes an 
investigation of the effect on epinephrine inactivation of warming the region of 
the liver during general hypothermia. 

PART I. THE EFFECT OF TEMPERATURE ON THE OXIDATIVE DEAMINATION OF 
EPINEPHRINE BY AMINE OXIDASE IN VITRO 

Although it is not yet clear whether the inactivation of epinephrine in vivo is 
brought about by amine oxidase or by other enzymic mechanisms, it has been 
shown that epinephrine is rapidly inactivated in vitro by amine oxidase (7,8). 
The effect of temperature on the activity of this enzyme noth epinephrine as sub- 
strate was determined as a background for the experiments on intact animals 
reported in Part II. 

Methods. A preparation containing amine oxidase was made from rat liver by the 
method of Richter (9). Oxygen consumption was measured manometrically in a constant 
volume type Warburg apparatus. The main chamber of the reaction vessels contained 1.0 
ml. of enzyme preparation, 0.1 ml. of 2 M. semicarbazide and 0.5 ml. 0.1 M phosphate 
buffer, pH 7.3. After thermoequilibration, 0.2 ml. M. sodium cyanide and 0.2 ml. of 1:1000 
1-epinephrine 5 in 0.1 N hydrochloric acid were added at the same time from the two side 
arms. The pH after such addition was still 7.3. Rates of oxygen consumption (in pi., 
N.P.T., per ml. enzyme solution per hour) were calculated from integral curves constructed 
on the basis of 5 or 10 minute readings. During the first 20 to 40 minutes of a run the total 
oxygen consumed was a linear function of time, and all oxygen consumption figures were 
derived from measurements during this period. Four constant temperature baths were 
available. This made it possible to carry out measurements at ten different levels of tem- 
perature with a given enzyme preparation during a period of eight hours after preparation. 
After this, the enzyme preparation was discarded. 

Results. The results of a representative series of experiments with one 
enzyme preparation are presented in figures 1 and 2. In figure 1, oxygen con- 
sumption is plotted as a function of temperature over the range 5° to 45°C. It 
is evident that under these conditions the maximum activity of the enzyme occurs 
at or above 45°C. During the period of observation there appeared to be no 
heat inactivation of the enzyme at or below 45°, the highest temperature used. 
The relation shown in figure 1 is of the continuous, regular type which is char- 
acteristic of metabolic reactions (20). 

Various methods have been devised for the analysis of the relation between 
reaction rate and temperature (21, 22, 23). The result of the application of two 
of these to our data are given in figure 2. Both curves were fitted by the method 
of least squares. Curve A represents the logarithm of oxygen consumption 
plotted as a function of temperature in degrees Centigrade. The coefficient of 
correlation between the two variables was +0.995. The equation for curve 
A is: 

log oxygen consumption = 0.286 + 0.0412 l 

where oxygen consumption is expressed in pi., N.P.T., per ml. enzyme per hour 
an d i = temperature in degrees Centigrade. This is an application of the 

5 We are indebted to Dr. M. L. Tainter, Director of Research, Winthrop Chemical Co. 
for the epinephrine (1-suprarenin base) used in this part of the investigation. 
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Berthelot formula (BGlehradck, 22, p 11) From the above equation the value 
of the van’t Hoff temperature coefficient, Qu>, gi\ en bv the slope, is antilog 0 412 
or 2 58 While the correlation found here was good, there appears to be a slight 
but systematic deviation from the linear relationship in curve A in the lange 
15° to 35°C However, when the logarithm of the oxygen consumption was 
plotted as a function of the reciprocal of the absolute temperature a straight line 
was found to fit the data v ery well (curve B, fig 2) While these coefficients of 
correlation are not significantly different, the more consistent relation m curve 
2 B appears to make this method of analysis preferable It follows that the 
relationship between oxygen consumption and temperature for the oxidation of 



Fia 1 Curve Showing Oxygen Consumption of Amine Oxidase with Lpinlphiune 
Substrate as a Function of Temperature in Degrees Centrigrade 
Oxygen consumption expressed is /it j cr ml enzyme per hour 


epinephrine by amine oxidase conforms to the Arrhenius equation (cf 
B&ehrddck, 22, Sizer, 24) 



m which Ki and Ki are the rates of oxygen uptake at absolute temperatures !Tj 
and 7j respcctiv ely , R is the gas constant and n is a constant called the thermal 
increment or temperature characteristic winch has the meaning of a temperature 
coefficient (BSlehradek, 22 p 1C) For the oxidation of epinephrine, by amine 
oxidase at graded temperatures the value of h, calculated from equation (2), 
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was 16,618. This is close to the values of n found in a number of other enzvmi c 
reactions (cf. Sizer, 24, Table II). 



Fig. 2. A. Log oxygen consumption of amino oxidase with epinephrine substrate as a 
function of temperature in degrees Centrigradc. B. Log oxygen consumption, of amine 
oxidase with epinephrine substrate as a function of the reciprocal of the absolute tempera- 
ture. Lines drawn were fitted to the data by the method of least squares. 

PART 2. THE EFFECT OF TEMPERATURE ON THE RESPONSE OF THE NICTITATING 
MEMBRANE OF THE CAT TO EPINEPHRINE 

It was shown in Part 1 that the oxidation of epinephrine by amine oxidase 
proceeds more slowly at reduced temperatures. If this oxidation ot a similar 
mechanism is important in the inactivation of the hormone in vivo, it would Be 
expected that in the hypothermic animal injected epinephrine would have either 
greater or more persistent effect (or both). To test this, the effect of injected 
epinephrine on the contraction of the acutely denervated nictitating membrane of 
the cat was determined at rectal temperatures ranging from 12.0° to 42.3°C. 
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Methods Cats 'were anesthetized with pentobarbital, the superior cervical ganglion 
excised on one side, and the nictitating membrane arranged for the recording of isotonic 
contractions The animals were cooled by packing them in ice and wetting the fur when 
necessary Rectal temperature w as measured by means of a mercury thermometer inserted 
to a depth of about seven centimeters In some animals regional warming was accom 
pltshed by long uie diathermj For this purpose the electrodes, approximately 4 x 10 cm 
in size, were applied with electrode paste to shaved areas of the skin over the region of the 
liver, secured in place by adhesive tape and covered w ith rubber dam as a protection against 
wetting from the ice packs The temperature in the warmed region was determined by a 
thermocouple inserted through a midline incision to a point near the lulus of the liver 
The epinephrine used was 1 1000 “adrenaline chloride,’ (Parke, Davis), diluted 1 5 or 1 10 
and stabilized with blood In three animals 0 2 ml of the solution was injected into a 
rubber tube connecting a cannula in the femoral vein with a burette containing Ringer’s 
solution, and w’as washed in w ith 5 ml of fluid In the other experiments injections of 0 1 
or 0 2 ml , completed Within fixe seconds, were made into the common carotid on the same 
side as the nictitating membrane being tested 

Results (1) The effect of epinephrine on the contraction of the nictitating 
membrane at varied temperature leiels In general it vis found that for a given 
dose of epinephrine the response of the nictitating membrane became progres- 
sively greater as the body temperature was reduced The results on fiv c animals 
are giv en in table 1 In these experiments the dose of epinephrine was not stand- 
ardized on a unit weight basis Instead, a dose of the drug which produced a 
small but definite response at about 3G°C (approximate initial body tempera- 
ture) was determined empirically for each animal This dose was repeated at 
intervals as the bod\ temperature was reduced The doses used were small, 
ranging from 0 24 to 0 84 micrograms per hilogiam Three criteria of epi- 
nephrine effect on the nictitating membrane were used on the analysis of the 
thermal effects, namely , height of contraction (as recorded), duration of con- 
traction and area under the response curve Evidence bearing on the worth of 
these criteria under the conditions of our experiments will now be considered 

(a) Height of contraction Rosenblueth (25) reported that the curve showing 
the height of contraction of the nictitating membrane of the cat as a function of 
the dose of epinephrine was a rectangulai hyperbola, and that the epinephrine 
concentration of unknown solutions could be estimated from this curv e Clark 
and Raventos (26) confirmed this for the nictating membrane and also worked 
out dose-response relationships of arterial pressure and gut contraction These 
observations were made at normal temperature levels It is shown in Tabic 1 
that the height of contraction of the nictitating membrane increased as the 
temperature was reduced, but that there was considerable irregularitv in this 
temperature-response relationship, especially in the lower ranges of body tem- 
perature (20° to 2G°C ) 

At about this level of hypothermia a critical fall in arterial pressuie occurs m 
the dog and cat (27) and in the rat (28) It is therefore probable that in this tem- 
perature range the circulation in the cat was impaired to such an extent that the 
concentration of epinephrine around the nictitating membrane did not reach the 
lev els predicted on the basis of results at higher temperatures w here the circu 
lation was not impaired 
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Furthermore, the injected epinephrine may itself contribute to the circulatoiy 
impairment. Since enzymic breakdown of epinephrine is delayed by cold 
(Part I), the concentration of the hormone around the heart may become high 
enough to evoke fibrillation, although the same dose would not cause fibrillation 
at higher temperatures. To investigate this point, the electrocardiogram, visu- 
alized by a Sanborn eardioscope, was followed continuously in two animals. 
As body temperature fell, the effect of a small, constant dose of epinephrine in- 

TABLE I 


Effect of temperature on the response of the cal’s nictitating membrane to injection of 

epinephrine 


AfmiAi 

i£EAN HECTAL TEUV, 

DUSATIO.V 

E£CO*OEZ? VZlCTtT 

AREA 


• C . 

sec. 

mm. 

zq. in. 

Cat 1. Intravenous 0.2 

33.8 

172 

3 

0.18 

ce. 1:10,000, 2.87 kg. 

33.8 

148 

3 

0.17 


29.9 

129 

10 

0.30 


24.7 

336 

18 

1.47 


20.4 

404 

17 

1.70 


18.6 

694 

17 

2.53 


17.0 

944 

20 

3.20 


13.6 

1800 

11 

4.67 

Cat 2. Intra-arterial 

35. 0 

108 

5.5 

0.09 

0.1 cc. 1:10,000, 4.21 kg. 

34.8 

101 

5.5 

0.09 


29.5 

379 

19.0 

0.92 


24.7 

258 

28.5 

1.52 

Cat 3. Intra-arterial 

37.8 

20 

1.5 

0.02 

0.2 cc. 1:10,000, 2.72 kg. 

31.5 

320 

23.5 

1.24 


26.1 

516 

26.5 

2.60 


20.9 

1155 

34.5 

9.92 


15.2 

2526 

26.0 

10.36 


12.9 

1892 

35.0 

6.71 

Cat 4. Intra-arterial 

34.8 

57 

1.5 

0.06 

0.1 cc.l :20,000,2.23 kg. 

27.9 

442 

15.0 

0.84 


22.7 

1076 

28.0 

4.05 


17.7 

1614 

13.0 

5.21 

Cat 9. Intra-arterial 

38.1 

83 

7.0 

0.14 

0.1 cc. 1:10,000, 1.94 kg. 

40.6 

92 

5.0 

0.09 


42.7 

56 

2.5 

0.03 


jected from time to time closely resembled the effects described by Milles and 
Smith (29) for increasing doses at normal body temperature. For example, in 
one of these animals at a rectal temperature of 24.7°, the injection of 0.1 ml. 
1 • 10 000 epinephrine into the carotid artery produced no evidence of ventricular 
fibrillation and caused a 28.5 mm. excursion on the record of contraction of the 
nictitating membrane. At 20° the injection of the same dose produced fibrilla- 
tion in a few seconds. There was no response of the nictitating membrane until 
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the fibrillation ceased and normal cardiac rhythm (for that temperature) was 
re-established, at which time a 6 mm contraction occurred The same sequence 
of events was repeated after another injection at 19°C 

It was concluded that the height of contraction of the nictitating membrane 
is not a satisfactory criterion of the rate of mactiv ation of epinephrine at these 
levels of hypothermia since impaired circulation complicates the interpretation 
of the results 

(b) Duration of contraction and area under response curve When either dura 
tion of contraction or area under the response curve w as plotted as a function of 
temperature the dose-response relationship appeared to be an hyperbola It 
H follows that either logarithm of the duration or logarithm of the area should be 
approximately a linear function of temperature In figure 3 the logarithm of 
the duration of the response (m seconds) is plotted as a function of temperature 
All available data on nme animals were used The coefficient of correlation 
between the logarithm of time and temperature was 0 899, and the data were well 
fitted by a straight line The equation of the regression line given m figure 3 is 

log time (seconds) = 4 042 — 0 0547 t 
where t = temperature Centigrade 

When the data for area under the response curve were treated in a similar 
manner the coefficient of correlation was lower, 0 715, and there appeared to be 
some deviation from a linear relationship, especially in the higher temperature 
ranges It therefore appears that under the conditions of our experiments the 
duration of contraction of the nictitating membrane was the best measure of the 
rate of inactivation of epinephrine, and that this process is best depicted by 
figure 3 

(2) Effect of uarming the region of the liver on the rale of tnadn ation of 
epinephrine in the hypothermic cat There is much ev idence that the liver is the 
chief site of inactivation of epinephrine in vivo Perfusion of the liver with solu- 
tions containing epinephrine resulted in marked reduction m concentration of 
the hormone in the perfusate (30, 31) Injection of epinephrine into the portal 
vein produced much less pressor response than injection into the jugular \ein 
(14, 17, 19, 32, 33) Philpott and Cantoni (14) found that methylene blue in- 
hibited the destruction of epinephrine by liver m vitro, and that the injection of 
methylene blue greatly increased the pressor response to the injection of 
epinephrine into the portal \ein Following hepatectomy the response to 
epinephrine administration is somewhat prolonged (34, 35) Of the several 
enzymes possibly concerned in the inactivation of epinephrine in vivo, amme 
oxidase (7 8 36) and sulfosvn those” (10 12) have been reported to occur 
chiefly in the In er 

If epinephrine inactivation occurs mainlj in the liver or even in the liver and 
surrounding viscera the duration of the response to epinephrine m the hypo- 
thermic cat would probablj be shortened bj local warming m the region of the 
liv er Such warming w as effected w ith long wav e diathermj as described under 
methods The results are presented in table 2 
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It IS shown in table 2 that a temperature differential of 2.1° to 5,9°C. was ob- 
tained between the liver and the rectum, and that under these conditions the 
duration of the contraction of the nictitating membrane on injection of epi- 
nephrine was decreased in every case. The amplitude of contraction and the 
area under the response curve were also reduced. Several measurements of the 



Fig. 3. Log Duration of the Response of the Acutely Denervated Nictitating 
Membrane of the Cat to Epinephrine Administration as a Function 
of Temperature 

Data from Tables 1 and 2. Line drawn was fitted to the data by the method of least squares. 

temperature near the attachment of the nictitating membrane showed that it 
was within one degree of rectal temperature. 

The effect of the regional warming is most clearly seen in the data on cat No. 8 
(table 2). In this case the rectal temperature remained approximately constant 
at 26.8°C. while the liver temperature was raised to 29.0°C. This was a differ- 
ence of only 2.2° but there was a reduction of 24 per cent in the duration of con- 
traction, 41 per cent in the height and 6G per cent in the area under the response 
curve as compared with the values obtained at the same rectal temperature be- 
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fore warming the liver Tracings of hvmograpli records in thi-s senes of experi- 
ments made after the h\ er temperature had again fallen to the lev el of the rectal 
temperature are presented in figure 4 A tracing of a control experiment made 
TABLE 2 


Effect of local uarming on the response of the cal's nictitating membrane to the injection of 
epinephrine at reduced body temperature 


ANIMAL 

exp r 

NO 

MEAN RECTAL TEMP 

MEAN 

Lit ER 
TEMP 

LIVER i 
RECTAL | 
TEMP | 

— 

AUFLI . 
TUDE 

AREA 



•c 

•c 

•c 

uc 


*1 in 

Cat 6 Intra arterial 0 1 

1 

31 0 

31 0 


6S 

3 0 

0 OS 

cc 1 20 000, 2 72 kg 

2 

25 6 

25 6 


464 

18 5 

1 67 



Diathermy 







3 

24 8 

27 9 

3 1 

215 

6 0 

0 54 


4 

23 2 

29 1 

5 9 

266 

5 5 

0 49 



Diathermy off 







5 

20 8 

20 S 


1840 

12 0 

5 32 

Cat 8 Intra arterial 0 1 

1 

33 2 

33 1 


97 

3 5 

0 17 

cc 1 20 000 2 38 kg 

2 

32 8 

32 5 


190 

3 0 

0 18 


3 

20 8 

26 4 


468 

S 6 

0 91 



Diathermy 







4 

26 9 

29 0 

2 1 

357 

5 0 

0 31 



Diathermy off 







5 

27 I 

T 0 


548 

9 0 

1 18 


6 

21 6 

21 6 


1000 

13 0 

2 21 



Diathermy 







7 1 

23 0 

25 9 

| 2 9 

| 638 

, 10 0 

1 10 



Diathermy off 







8 

21 3 

20 3 


1122 

12 0 

3 

Cl 


3 . 


4 


5 


Fio 4 Tracings of Kymograph Records Shoring the Effect of Warming the Region 
of the Liver on the Response of the Acutely Den era ated Nictitating Membrane 
of the Hypothermic Catto Administration of a Given Dose of Epinephrine 
(l) Rectal temperature 33 2®C Liver temperature 33 1®G (initial control experiment) 
(31 Rectal temperature 26 8°C Liver temperature 26 4 D G 

(4) Rectal temperature 26 9®C Liver temperature 29 0®C (raised by diatl ermv ) 

(5) Rectal temperature 27 I®C Liver temperature 27 0®C (final control experiment) 

after the liver temperature had again fallen to the level of the rectal temperature 
la included Clearly the relationships obtained are essentially the same as in 
the record just preceding that in which the liver was warmed 
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It should be pointed out that although the liver was warmed in these experi- 
ments the surrounding viscera must also have been warmed to some extent. In- 
creased destruction of the epinephrine by other organs (especially the kidneys) 
may thus contribute to the increased inactivation which was observed. 

Discussion. It is shown in Part I that for at least one possible mechanism 
of epinephrine inactivation, oxidative deamination by amine oxidase, reduction 
of body temperature would lead to a greatly slowed rate of destruction. While 
this enzymic reaction is not the only, and perhaps not even the chief, route of 
epinephrine inactivation in vivo, it is clear that such inactivation is an enzymic 
process (26). Thus it is to be expected that reduction in temperature would 
markedly decrease the rate of the reaction involved (cf. Sizer, 24). It follows 
that the responses to the injection of epinephrine should be prolonged and in- 
tensified in the hypothermic animal. It is shown in Part II that this expectation 
is realized. 

The effect of lowered temperatures on the muscle of the nictitating membrane 
itself must be considered in the interpretation of these results. The tone of 
smooth muscle is increased by cooling (37) and the duration of relaxation is pro- 
longed (38). Elliott (19) found that the duration of contraction of the nicti- 
tating membrane (electrical stimulation), was prolonged from 30 seconds to 75 
seconds by cooling. He concluded that the prolongation of the response to 
epinephrine in the hypothermic cat was too great to be explicable on the basis 
of effect of temperature on muscle. Stewart (38) found that when the smooth 
muscle of the cat’s bladder was stimulated by single induction shocks at varied 
temperatures the duration of response at 15° was about 1.75 times that at 35°C., 
but that the amplitude was decreased at the lower temperature. While greater 
relative changes have been observed with frog smooth muscle on lowering the 
temperature (39), the findings on the cat, described above, are more relevant to 
the problem in hand. If these data be considered representative, it is clear that 
the prolongation of the response of the nictitating membrane in our hypothermic 
cats (Table 1) is much too great to be explained on this basis. For example, in 
cat No. 3 the maximum duration observed (at 15.2°) was 126 times the minimum 
duration (at 37.8°). Further evidence for the view that slowing of the rate of 
inactivation was the chief cause of the increased response of the nictitating mem- 
brane to epinephrine at lowered body temperatures is afforded by the experiments 
on regional warming. In these the duration of response was greatly reduced 
by warming only the region of the liver, with little change in either rectal tem- 
perature or in the temperature of the nictitating membrane. 

The effect of hypothermia in increasing the intensity and duration of the 
action of epinephrine may be of importance in relation to chemical regulation 
of body temperature. Cannon and his associates (40) have demonstrated the 
importance of epinephrine secretion in the cold defense responses of the cat, and 
lowered body temperature would intensify the effects of increased secretion of 
the hormone. In the rat the role of epinephrine in cold defense is not so clear 

^ The increased response to epinephrine in the hypothermic animal may be of 
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clinical significance \Vhile the slowed heart and lowered temperature of the 
hypothermic patient might suggest the use of epmephrme, there are at least 
two reasons for unusual caution in the use of tins drug under these circum- 
stances These are the mcreased likelihood of cardiac failure and of failure of 
the peripheral circulation Thus doses of epmephrme which produce little 
effect at normal bod} temperature may result m toxic reactions such as heart 
block or fibrillation in the cooled bod} because of delajed inactivation 
Secondly , vasoconstriction may alreadv be excessive, so that administration of 
epmephrme, evoking further \ asoconstnction, might lead to circulatory failure 
due to anoxia of peripheral tissues with consequent increase m capillar} perme- 
abihtv and loss of plasma to the tissues (43, 44) 

SUMMARY 

1 The rate of oxidation of epmephrme by amine oxidase in vitro at graded 
temperatures can be described by the Arrhenius equation The value of the 
thermal increment 00 for this reaction was 16,618 over the range 5° to45°C 

2 The effect of injected epinephrine on the contraction of the acutely de- 
nervated nictitating membrane of the anesthetized cat w as determined at rectal 
temperatures ranging from 12 9° to 42 3°C 

3 Evidence was presented which indicated that the duration of contraction 
of the nictitating membrane was a more satisfactoiy criterion of the rate of 
inactivation of epmephrme in the h} pothermic cat than either the amplitude of 
contraction or the area under the response cun e 

4 For a given dose of epmephrme the response of the nictitating membrane 
became progressively greater as bod} temperature was reduced This was in 
harmony with the obsenations on the oxidation of epmephrme b} amine oxidase 
at graded temperatures 

5 Regional warming of the liver (long wave diathermy) of hypothermic cats 
without change in either rectal temperature or in the temperature of the nicti- 
tating membrane shortened the response of the membrane to a given dose of 
epinephrine 
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In a previous paper (1) it was shown that the introduction of a carbon-carbon 
bndgc betw cen the t\\ o phenyl groups of some diphenylacetic acid esters led to 
new compounds of greater spasmolytic potency But only the relaxing power 
against acetylcholine induced 6pasm was augmented whereas little or no change 
had occurred in then spasmolytic activity against histamine induced spasm 
In this respect none of the compounds studied previously was greatly superior 
to papaverine, with only one exception Replacement of the carbon carbon 
bridge by a methylene group leads to the corresponding diliydroanthracene 
carboxylic acid ester, a compound with marked anti-histamine activity The 
spasmolytic and local anesthetic activity of this compound and of others ob- 
tained by exchanging the methylene group for other groups with similar elec- 
tronic configuration as 0, S, NH (fig 1), haxe been studied The compounds 
used in this investigation have been synthesized by R R Burtner and J W 
Cusic (2) at G D Searle <£, Co , Chicago, 111 
Experimental Spasmolytic activity of all compounds was determined on 
isolated intestinal strips of rabbits and guinea pigs against spasm induced by 
acetyl choline bromide (10~ 6 gm /cc ), histamine phosphate (2 X 10 -6 gm /cc ) 
and barium chloride (10 — 4 gm /cc ) as described elsewhere (1) The reciprocal 
activity ratios with lefcrence to diethylammoethylfluorene t 9 carboxylate (FI) 
as arbitrary standard, depth and duration of local anesthesia on the rabbit's 
cornea and the figures for intraperitoneal toxicity in mice are shown in table 1 
Tor details of determination we refer to a previous paper (1) 

The spasmolytic potency of some compounds of this senes Ins been studied 
‘ in vivo” on the labbit’s ileum Tifty -eight injections were made into seven 
rabbits in urethane anesthesia with the addition of some ether in most cases 
The spasmolytic actixitj ratios gained from these expenments arc in good agree 
ment with those obtained on the isolated rabbit’s intestine against spasm pro 
duccd by acetj 1 choline The results are summarized m tabic 2 
Two compounds of the series deserxed further study, compound no 1 for its 
powerful anti lustamme action and compound no 9 because of its great all 
around spasmolytic potency 

Ihe antagonistic action of compound no 9 against the vaso depressor effect 
of acetyl choline was determined in the etherized dog according to Kubl (3) 

1 This investigation lias been aided by a grant from G D Scnrlc and Company Chicago 
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It was found to be nearly twice as active as Fl and seventy times weaker than 
atropine. In its mydriatic action it is more than twice as potent as Fl, but 
about one thousand times weaker than atropine (table 3).. The antisialogogue 
action after pilocarpine is more than one hundred times weaker than that of 
atropine, but slightly stronger than that of Fl (fig. 2). 

Tire strong histamine antagonizing action of compound no. 1 is not limited 
to the guinea pig’s ileum. It is capable of preventing death from histamine in 
guinea pigs. Six unanesthetized guinea pigs received 50 milligrams per kilo- 
gram of compound no. 1 subcutaneously. Thirty-five minutes later 1.7 mgm./ 


Diphenylacetic acid 


Fluorene carboxylic acid 


Dihydroanthracene carboxylic acid 


Xanthene carboxylic acid 


Thioxanthene carboxylic acid 


Acridan carboxylic acid 


1 

kgm. histamine phosphate were injected intracardially. Three of the animals 
showed signs of moderate dyspnea, but all six survived. One hundred milli- 
grams per kilogram of Fl given to a second group of six guinea pigs thirty-five 
minutes previous to the intracardial injection of 1.7 mgm./kgm. histamine phos- 
phate did not have a protective effect. All animals died within three to seven 
minutes with the same symptoms of asphyxia as seen in a third group of six- 
guinea pigs which succumbed following the intracardial injection of 1.7 mgm./ 
kgm. histamine phosphate only. 

When tested on the isolated perfused guinea pig’s lung, according to Ihornton 
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TABLE 2 

Comparison of relaxing effect on rabbit's ileum in situ 
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Pupil size in millimeters 
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Fluorene derivative 
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The results of four separate experiments on the same cat on different days. 
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Fjg. 2. Secretion of Saliva 

Four rabbits, urethane 1 gm. per kgm. per os; pilocarpine 15 mgm. per kgm. subcutane- 
ously in each. 

Ordinate: saliva in cc. 

Abscissa: minutes. .... . . . „ _ 

From left to right: control, at arrows: subcutaneous injection of atropine U.o mgm. per 
kgm., diethylaminoethyl xanthene-9-carbo.vylate 50 mgm. per kgm. and diethylaminoethyl 
fluorene-9-carboxylate 50 mgm. per kgm. 


(4), much smaller amounts of compound no. 1 than of Fl were required to pro- 
duce bronchodilation. 
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Increasing the number of carbon atoms in the aminoalcohol decreases spas- 
molytic potency to a much greater extent than toxicity, as has been previously 
observed (1). 

There is no obvious relationship between spasmolytic and local anesthetic 
activity. 


SUMMARY 

The spasmolytic and local anesthetic action and the toxicity of a scries of 
twenty-one basic esters of polynuclear carboxylic acids have been studied. 

The diethylaminocthyl ester of xanthene-9-carboxylic acid has the greatest 
average spasmolytic activity. 

The diethylaminocthyl ester of 9 , 10-dihydroanthracene-9-carboxylic acid is 
outstanding for its powerful histamine antagonizing action on smooth muscle. 
This has been demonstrated on the ileum, on the bronchioles, and to a lesser 
degree on the blood vessels. 

This compound also antagonizes the effect of acetyl-choline and barium on 
the ileum, and the effect of epinephrine on the uterus, the nictitating membrane, 
and the blood vessels. 
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It is well known that the effect of morphine has definite appeal to certain 
maladjusted persons It gives them a sense of well being The reason for this 
effect is not jet known, but it is suggested that morphine accomplishes it through 
reducing the reactmtv of the sympathetic (thoracolumbar) nerv ous sjstem, thus 
interfering with vicious psjcho somatic cvcles entailed m such maladjustments 
At an> rate in such persons the resulting temporary euphoria motivates repeti 
tion and this m time inculcates a strong emotional attachment to the drug 
Unfortunatelj for the user, the basic cause of the maladjustment is not elimi- 
nated, m fact additional problems such as tolerance, expense, law violation, loss 
of self respect, ostracization, and physical dependence are brought to bear on 
an nlreudj unstable nervous sjstem 

This view presupposes that addiction proneness generally is closely related 
to mstabilit} of the autonomic nerv ous system Since the disturbing features 
of the external environment generallj credited as causal in the etiolog} of addic- 
tion and relapse do not appear to be disproportionate to ordinary hfe situations 
it seems appropriate to consider the possibility of a defective internal environ 
ment, and to extend studies of the functional lntegritj of the autonomic nervous 
s} stem of addicts and post addicts 

In a previous report (1) it was shown that the pressor response to cold in 
stabilized morphine addicts is greater than normal, and that recover} is slower 
than normal Since the acute effect of morphine is the conv erse, it w as suggested 
that ph} sical dependence might constitute, in part, a state of I13 penrntabihty 
of the sjmpathetic nervous sjstem developed to maintain homeostasis in the 
continued presence of an effect disturbing to equilibrium The possibility that 
morphine has a peripheral vasoconstrictor effect to which little or no tolerance 
is developed in contrast to its central nervous sjstem action, was not mentioned 
Since this h\ per reactor ’ response of addicts rev erted slowlj to normal in about 
G months after withdrawal, it seemed that if the etiologv of addiction and re 
lapse is associated with autonomic djsfuntion a more sensitive method would be 
required to detect it 

Terns and Abramson (2) hav e indicated the usefulness of the plethj&mogr iphic 
technique In studying blood flow to extremities and the phj Biologic significance 
of such studies It appears that the control of blood flow to the hand is dorm 
nated bv the wmpathetic nervous sjstem and subserve^ chieflj the regulation 

1 Read bj title at the 16th Vtinunl Meeting of the Central Society for Clinical Research 
Chicago \o\ember5 1943 
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of body temperature (3, 4) whereas blood flow to the forearm (except for the s kin ) 
subserves chiefly trophic functions (2). Thus, study of blood-flow to the hand 
by the plethysmographic technique seemed to offer a method for further investi- 
gation of the influence of morphine and morphine addiction on the sympathetic 
division of the autonomic nervous system. 

Methods. Technique . The rate of blood Sow to a portion of the upper extremity was 
measured by the venous occlusion plethysmographic method of Hewlett and Van Zwalu- 
wenburg (6). The plethysmogTaphs and accessories used were constructed as described by 
Ferns and Abramson (6) except that changes in volume were recorded on moving paper 
from water manometer floats. 5 

The majority of these studies were made in a sound-shielded, temperature and humidity 
controlled room (78°F. , relative humidity 50 per cent) . In the remainder the dry bulb room 
temperature range was 77°-82°F. Subjects were in the room for at least two hours before 
the test. A low calorie, high carbohydrate, low protein, low fat meal was served two to 
three hours before the test (7). No smoking was permitted from at least one-half hour 
before until completion of the test (8). Other physiologic and environmental factors which 
might influence the validity of the results were reduced to a minimum (9, 10, 11) . A1I tests 
were made with subjects in the recumbent position with the extremity under study at or 
slightly above the level of the right atrium. A bath temperature of 32°C. (±2) was used in 
most of the experiments. Calibrations were made by injecting known amounts of water 
into the plethyBmographa before and at the conclusion of testa. A cuff pressure of 70-80 
mm. Hg was maintained during the process of calibration. 

Studies were made cither on both hands simultaneously, or on the left forearm. A sub- 
diastolic pressure of 70 mm. Hg (±5) was used for venous occlusion. When studying the 
forearm, a pressure of 300 mm. Hg was applied at the wrist just distal to the plethysmograph 
(12). Blood pressure, pulse rate, oral temperature, and bath temperatures were recorded 
at appropriate intervals. 

After obtaining 20 to 35 satisfactory records of the resting blood flow, the medication was 
administered subcutaneously in the pectoral region. When studying the hand 10 to 20 
flows were recorded J, j, J and 1 hour after the dose. The average blood flows in cc. per 100 
cc. of extremity per minute were calculated for each period. When studying the forearm, 
after recording 20 to 30 resting flows, an exercise test was administered. Fifteen to twenty- 
five resting flows were recorded 20 to 30 minutes and 50 to 60 minutes after the medication, 
then the exercise teat was repeated. The ex-ercise consisted of having the subject inflate a 
5 gallon bottle to 70 mm. Hg pressure by compressing a sphygmomanometer bulb with the 
ipsilateral hand (13). Post-exercise records of blood flow were made at frequent intervals 
for the ensuing 15 minutes and the mean blood flow in each minute was calculated. The 
additional flow of blood to the forearm in' the 15 minutes immediately after the exercise 
was calculated from the area of a graph constructed from these points with the pre-exercise 
resting values as base lines. Subjects: The subjects used in these studies were addicts, post- 
addicts, and controls; all were free of complicating conditions. The addicts were patients 
with valid physical dependence, stabilized on amounts of morphine just sufficient to prevent 
abstinence phenomena. The poBt-addicts were prisoner patients who had been morphine 
addicts and in whom withdrawal had been accomplished at least 6 months previously. 
Where the same post-addict was studied on two or more occasions, the interval between 
tests was at least two weeks. Two groups of controls were employed; one consisted of 
civilian hospital personnel and the other of incarcerated marihuana users who gave no 
history of opiate addiction. 


s The recording system used in these studies will be described in detail elsewhere by 
Andrews, H. L. and Himmelsbach, C. K. 
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Blood Dow to the hands w as studied in two post addicts prior to and during a six months 
period when morphine was administered practically ad libitum 
Studies were made on the effects of 10, 20 30, and 40 ragro morphine sulfate on the blood 
flow to the hands of a patient who had sympathetic paralysis of the right upper extremity 
This patient had complete anhydrosis on the affected side, and his right hand generally 
seemed warmer than the left 

Results Effect of morphine on blood flow Morphine increased the rate of 
blood flow to the hands m addicts, post addicts, and normal controls In the few 
instances where continuous post dose records were made, this effect became no 
ticeable within 5 to 10 minutes With all doses except 5 mgm the increase was 
statistically significant within \ hour The results m detail are presented in 
table 1 Demerol likewise caused a significant increase in the blood flow to the 
hands Very Blight and non significant changes occurred following the sub 
cutaneous injection of one half cc of normal saline 
The av erage results obtained with 20 and 40 mgm morphine, and $ cc norma! 
salme on the hand, and 30 mgm morphine on the forearm are presented graphi- 
cally in figure 1 Since the results with normal salme indicate the feasibility 
of using the pre injection (resting) values as base lines, the data were plotted in 
this manner, and the total change in one hour calculated from measurements 
of the enclosed areas with a plammeter The total effects of the various do*es 
of morphine for the first post injection hour are shown in figure 2 
A small, but nonetheless statistically significant increase in blood flow to tho 
forearm resulted from the administration of 30 mgm morphine sulfate The 
exercise tests yielded the following result The difference m the amount of addi- 
tional blood flow before and one hour after morphine, was equal to the difference 
accountable by the post-dose increase in resting blood flow (fig 3) 

Average concomitant effects of morphine A progressive but small (less than 
1°C ) increase in hand bath temperature occurred in all instances where morphine 
or Demerol was given Less than 0 l^C increase followed the administration of 
normal salme A slight decrease (0 3°C ) occurred in forearm bath temperature 
following morphine A progressive, small (0 2°-0 3°C ) fall in oral temperature 
occurred m all instances where morphine or Demerol was given, but only 0 1°C 
decrease followed normal saline 

A minor decrease in pulse rate (1-7/mm ) generally, but not regularly, followed 
administration of morphine or Demerol The pulse rates during the normal 
saline tests were stable No significant or consistent changes were noted in 
either systolic or diastolic blood pressure Particular attention was not paid 
to p alterations in hand volumes, “spontaneous” or otherwise, or in venous capac- 
ity In about one half of the expenmen ts a volume increase w as noticed after 
morphine, sometimes a decrease was observed 
Resting blood flow A companion of the mean data on resting blood flow to 
the hands of post addicts, addicts, normal controls, and marihuana (non opiate) 
users is shown in table 2 The cntical ratio of the difference betw cen the normal 
values for blood flow to the hand reported b\ Abramson and Fierst (14) and this 
group is 0 56 The values for post addicts and addicts were found to be sig- 
nificantly lower than normal, but that of marihuana u^ers was normal 
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Studies of blood flow to the hands of two subjects who were given morphine 
practically ad libitum for six months showed some reduction to accompany the 
reproduction of addiction. 

Repeated tests on individual post-addicts failed to show any trend to result 
from practice. 


cc/ioo CO 



POST-ADDICTS CONTROLS 1 POST- ADDICTS 


Fig. 2. Total Effect of Morphine on Blood Flow to the Hand in One Hour 


BLOOD FLOW BEFORE X X 

CC/IOO CC/MIN ONE HOUR AFTER 0 0 



Fig. 3. Influence of Morphine on Response to Exercise 

Effect of morphine on blood flow to the hands of a patient with unilateral sym- 
pathetic paralysis. In one patient with sympathetic paralysis in the right upper 
extremity 20, 30, and 40 mgm. morphine failed to increase the blood flow to the , 
affected hand, but had the usual effect on the contralateral hand. Blood flow 
to the affected hand was reduced slightly (maximum 1 1 and 18 per cent) following 
40 and 20 mgm. morphine. Ten mgm. had no effect on the right hand, and only 
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slight effect on the left On sc\eral occasions it was observed that a painful 
pinch resulted in a definite reduction in volume of the left hand, while little or 
no effect occurred m the right hand (11) “Spontaneous” volume changes were 


TABLE 2 

(a) Blood flow to hand 



NO 

MEAN 

o{D1S ) 

<r(AV) 

Normal (Abramson and Ficrst) (14) 

Cl 

9 3 

2 1 

0 18 

Normal (Himmelsbach) 

22 

9 5 

3 2 

0 5 

Incarcerated Marihuana users 

19 

9 S 

3 6 

0 5S 

Post addicts (opiate) 

51 

S 1 

3 5 

0 25 

Stabilized opiate addicts 

17 

6 3 

24 

0 47 


(6) Critical ratios of differences 



(A) 

00 

(C) 

(A) Normal (Himmelsbach) 

(B) Incarcerated Marihuana users 

0 39 



(C) Post addicts (opiate) 

2 5 

2 7 


(D) Addicts (stabilized opiate) 

4 6 

4 7 

3 4 


TABLE 3 

Plethysmography protocol 

Name S No 7 252 Status Pns Date 8-SO-tf 

Age 66 Medication Morphine sulfate Dose SO mgm at 9 30 am 

Entered at 6 46 a m Meal at 6 SO a m CIIO 128 gm P 4$ gm F 0 6 gm 
Smoked at 8 SO a m Sleep 6 hours fitful 

Volumes R($S0 ce ) L {490 cc ) Calibrations R(/ 68 cm fee ) L(1 66 cm fee ) 


Time 

9 30 

9 45 

10 00 

10 15 

i 10 30 

Room temperature w/d(°F ) 

65/78 

63/78 

66/ 8 

66/78 

65/78 

Right 






Blood flow (ra) 

6 4 

6 3 

5 8 

6 4 

6 0 

No of flows 

30 

20 

19 

20 

21 

Bath temp ( 6 C ) 

31 2 

31 2 

31 5 

31 S 

31 7 

Left 






Blood flow (m) 

6 6 

9 9 

10 1 

10 2 

9 9 

No of flowB 

30 

20 

19 

20 

21 

Bath temp (’C ) 

30 7 

30 S 

31 2 

31 8 

32 0 

Oral temperature (°C ) 

36 4 

36 2 

36 0 

35 9 

35 9 

Pulse rate /min 

56 

56 

CO 

56 

56 

B P mm Hg 

146/90 

142/86 

144/SS 

156/94 

156/90 


Remarks B P Bamc on both Bides Some pain and discomfort before, and some relief 
by medication Right hand perceptibly warmer than left Patient cooperative and quiet 
throughout No remarkable volume changes noted 


present on the left, absent on the right The bath temperature on the right was 
usually quite stable, whereas that on the left increased after morphine 
Hie protocol of the experiment with 30 mgm morphine is shown m table 3 
and representative samples of the records are presented in figure 4 
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Supplementary observations. It is well known that cold will reduce and heat 
increase blood flow to the hand; the direct effects being usually greater than the 
indirect or reflex. The influence of morphine was studied on hands in which 
blood flow had been increased or decreased, both directly and reflexly, in several 
normal post-addicts and the patient with unilateral sympathetic paralysis. For 



♦ 334MJ 


MlWUl PINCH 
TO KICHT VEC 


*I6HT H4N&| 




73/ WIN) 






these purposes the plethysmograph water temperature either was raised to 41-14° 
C or lowered to 13-20°C. Local cold would reduce and local heat increase blood 
flow to the affected hand (right) of the patient with unilateral sympathetic 
paralysis. Reflex changes occurred contralaterally. When the situation was 
reversed however, blood flow to the right hand was not affected. Thus the right 
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hand did not respond reflexly to either heat or cold Morphine resulted in a 
slight increase in blood flow to this patient’s right hand after the flow had been 
increased by direct heat, but after the blood flow to the nght hand had been 
decreased by direct cold, some further reduction occurred after morphine 
Morphine had its usual effect on normal hands m which the flow had been 
altered reflexly, but its effect was reduced greatly after flow had been diminished 
by direct cold and somewhat when flow had been increased by direct heat 
Other experiments on the patient with unilateral sympathetic paralysis re 
\ ealed that premedication with neither benzedrine (10 mgm ) nor prostigmine 
(1 mgm ) w ould so influence the affected hand that it would respond to morphine 
However, flow to this hand was increased from 7 5 to 14 8 cc /100 cc /min after 
ingestion of 2 oz of 100 proof whiskey 
The effect of morphine on relative intracranial blood flow was studied in a 
patient with a triangular skull defect (G x 9 cm ) in the nght temporal region 
Following -venous occlusion accomplished by inflating a neck cuff suddenly to 
70 mm Hg the skm overlying the defect w ould bulge outward, the extruded mass 
increasing in size with each heart beat Records were made by means of a tom 
bour cemented o\ er this area The rate of blood flow was increased greatly after 
20 mgm of morphine 

Discussion Effect of morphine on blood flow The literature concerning the 

effect of morphine on the circulation has been reviewed thoroughly by Eddy (15) 
Morphine is considered to be depressant to the circulation 
While attempts at localization of the action of a drug on the intact subject 
are hazardous, these results w ould tend to confirm the impression that morphine 
in ^ome manner effects a reduction m sympathetic activity Warren et al, (16) 
reported a great increase in blood flow to the hand of a subject in whom they 
produced umlateial sympathetic paralysis by novocame block of the parwertc 
bral ganglia In the patient with unilateral sympathetic paralysis, the results 
suggest that an increase m blood flow to the hand after morphine depends on 
intact sympathetic control and that the peripheral effect results from central 
action of the drug Since the blood flow to this patient’s affected hand was 
altered significantly by direct heat and cold and after the ingestion of alcohol, 
but not aftei morphine, it seems unlikely that morphine (m the doses employed) 
has a physiologically significant direct effect on blood vessels Tlus finding is 
not in serious conflict with the results reported by Schmidt and Livingston (17) 
for they demonstrated \ ery clearly that only the first intravascular dose of mor 
phinc administered to non tolerant cats or dogs has a direct effect on blood ves 
sols dilatoi in those of skin and muscle, constrictor in those of the viscera It 
is not possible to determine from these observations whether this central action 
of moiplnne mediated by the sympathetic nerves, is due to direct or indirect 
depression of sympathetic tone general depression of the central nervous system, 
or a more selective effect on hypothalamic thermo regulatory centers 
The finding that morphine in doses of 40 and GO mgm caused less overall 
effect than 10 and 20 mgm is of some interest With the larger doses the initial 
effect was not dissimilar from that of the smaller, but was less well maintained 
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This might he interpreted to mean that as the effect of the larger doses ap- 
proached their maxima, forces having to do with the maintenance of homeo- 
stasis became appreciably activated, he. counter-action was evoked. This view 
is consistent -with the subjective estimates of a number of patients that these 
doses were uncomfortably large. On the other hand this finding might be inter- 
preted as evidence of a delayed central stimulant action of morphine, or a delayed 
direct tonic effect on blood vessels, not apparent with the smaller doses. 

An interpretation of the effect of morphine on blood flow to the forearm is 
somewhat more difficult since it is possible that the exercise per se was sufficient 
to cause a maximal response. Since the blood flow to the skin of the forearm 
is influenced by the sympathetic for purposes of temperature regulation, it would 
be consistent to estimate that the observed increase in blood flow after morphine 
was predominantly in the skin, not muscle. 

Tiesling blood flow lo The hand. Subnormal blood flow to the hands is considered 
to indicate increased sympathetic tone and to reflect a state of tension. The 
results are consistent w ; th the view that post-addicts are more tense than normal. 
Since convicted marihuana users studied under the same conditions exhibited 
normal blood flow, it would appear that this manifestation of tension in post- 
addicts is a precursor to and/or a residuum of opiate addiction and not a product 
of incarceration. 

The results on addicts are in accord with the view that nervous instability is 
greater after dependence is established than before, and that the chief effect of 
morphine then is to maintain psuedo-normal physiologic equilibrium (18). In 
two addicts, psychically satisfying amounts of morphine (1 to 2 gm. per day) 
did not appear to accomplish more than stabilizing amounts in other addicts. 

The general implication of these results, so far as the addiction problem is 
concerned, would seem to be that the post-addict is tense; that morphine relieves 
this through depression of the sympathetic division of the nervous system; and 
that larger doses tend to evoke counter-action. .An extension of this latter proc- 
ess might help explain the nature of physical dependence (19). 

CONCLUSIONS 

1. The resting blood flow to the hands of addicts and post-addicts is sub- 
normal, while that of marihuana users is normal. 

2. Morphine significantly increases the rate of blood flow to the hand and 
forearm. The total increase to the hand in the first post-injection hour is greater 
with 10 and 20 mgm. than with 40 and 60 mgm. The effect on the hand seems to 
require intact sympathetic nerve control. 

3. Demerol increases blood flow to the hand. 

Acknowledgment. Doctors, Eugene B. Ferris, Jr. and David I. Abramson 
kindly gave much useful advice and many helpful suggestions in connection with 
construction of the apparatus and development of technique. The apparatus 
was constructed by Doctor Howard L. Andrews. 
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Various reports by clinical observers in Ceylon, India, Malaya describe certain 
mental effects during or following the administration of atabrine in therapeutic 
doses in malaria. Complications varying from mental depression, hyperexcita- 
bility and psychosis with temporary insanity were observed (1, 2, 3, 5, 12). 
Despite the low incidence of mental symptoms during or subsequent to the 
administration of atabrine noted in the Western Hemisphere (1), a most im- 
portant question arising is whether these mental disorders following atabrine 
therapy result as complications of severe malaria infection or are due to the 
action of atabrine upon the central nervous system. 

The following investigations were undertaken in order to clarify this question 
and to determine to what extent atabrine in non-toxic doses exercises an effect 
upon the central nervous system independent of the malarial infection. Previous 
experiments have demonstrated that only large, usually fatal doses produced 
cerebral stimulation accompanied by clonic and tonic convulsions and dyspnea, 
whereas with small doses gastro-intestina! symptoms were predominant (4, 5, 7). 
Since it is known that drugs affecting the central nervous system may cause a 
change in the electro-corticogram,- we decided to employ this method as a con- 
venient means of studying the reaction of the brain cortex to varying doses of 
atabrine. The drug is retained for some time in all the tissues including the 
brain (3, 5, 9, 10, 11); hence, changes occurring in the electro-potential of the 
cortex could be regarded as due to the central action of atabrine. 

Methods. Preliminary tests were undertaken on non-narcotized pithed frogs weighing 
30-40 grams. Aqueous atabrine solutions were used since earlier investigations demon- 
strated that the electro-potentials of the brain of these animals are easily altered by various 
drugs. For this purpose three Hoagland electrodes were introduced through the skull. 
The first lead was recorded from the anterior portion of the left hemisphere, the second from 
the hind portion of the right hemisphere and the third lead from the left optic lobe. The 
leads were paired in three channels, the first from electrodes I and 2, the second irons elec- 
trodes 2 and 3 and the third channel from electrodes 1 and 3. Bleeding was carefully 
avoided. Then 0.5 mg.-2 mg. of atabrine in aqueous solution was injected into the anterior 
lymph sac. 

Doses of 0.5-1 mg. injected into the thoracic lymph sac of normal frogs caused no notable 
effects; there was only slightly increased refiex excitability and contraction of the melano- 
phores. Twenty minutes following the injection of 2 mg. of atabrine, the frogs lost their 
righting reflexes, and remained lying on their backs ; they jumped awkwardly when touched 
and performed crawling movements. Within one hour after the injection all extremities 
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were paralyzed The heart action was not affected The previously dark frogs became 
notably pale After several hours, the motor paralysis completely disappeared, and the 
pallor vanished Three milligrams produced a complete motor paralysis winch like the 
paling of the animals persisted for days However, in most instances, 3 mgs was a fatal 
dose, paralyzing the w hole motor activity and finally also the heart 

Further testB were conducted on thirty cals ranging in weight from 1 75-3 kg Since 
frequent spontaneous mo\ement8 of these animals interfered with the recording of the 
cortical impulses, the experiments were carried out under anesthesia Nembutal in doses 
of 30 mgm per kilogram was injected intrapcritoneally Several of the animals vomited 
during the initial phase of the anesthesia, the majority , however, showed a fairly constant 
plane of anesthesia with reflexes absent and spontaneous regular respiration unaccompanied 
by disturbing motor movements One hour following the initiation of the nembutal nar 
cosis two small openings were made by trephine m the right frontal region of the skull 0 5 
cm distant from the sagittal suture and on each side of the coronal suture 1 5 cm apart 
the dura was then cut at these points The electrodes were of lunte J mchin diameter and 
threaded to facilitate insertion A single w ire passed through the center terminating tn a 
ball of solder 2 millimeters in diameter The electrodes were screwed into place bringing 
the ball of solder i n direct contact w ith the surface of the cortex Duco cement w as applied 
around the insertion of the electrodes and the wound was closed with dips The recording 
instrument used was a Grass 2 channel ink writer The amplifiers were calibrated at 100 
microvolts and the gain controls set at convenient lev cl Records w ere made intermittently 
at speeds of 1 5 3 and tn 6ome cases G centimeters per second At the beginning and at the 
end of e ich experiment the amplifiers were calibrated 

Since the nembutal anesthesia itself may cause some alteration of brain waves (15 16, 17, 
18 19) a number of electrocorticograms of the narcotized untreated animals were taken 
This action is shown in Tig 1 in which during 11G minutes following intrapentoneal in 
jection of 30 mg per kg the pattern of the brain w aves remains almost unchanged in amplt 
tude and frequency This picture may serve as control for the electro corttcograms 
obtained after atabnne 

Atabnne in a 2% aqueous solution w as administered either intrapcritoneally or intrave 
nously The 2% solution had a pH of 5 6 Control tests using equal quantities of mono 
sodium phosphate, which showed an even stronger acid reaction of 4 5 pH had no effect 
upon the electro encephalogram The administered quantity amounted to 10-20 mgm of 
ntnbrmc per animal so that approximately G 12 mgm per kgm was given The intrave 
nous injections were made very slowly since the fatal effect of atabrme is largely dependent 
upon the speed of the injection (7 S) In our tests on cats under nembutal narcosis we 
never observed convulsions and the animals survived w ithout any ill effects the above mtra 
venously administered atabnne doses 

Atabnne determinations m tissues were made according to the single extraction method 
of Brodic and Jtulenfreund (20) 

Results I Frogs Electro encephalographic ob^erv ations on thirty frogs 
demonstrated (sec Fig 2) that following the injection of 0 5 mgm of atabnne 
dihydiochlonde into the thoracic lvmpli sac the amplitude and the frequency 
of the electnc waves diminished This change affected both the hcmi^pheiic 
sui faces as well as the optic lobes An additional injection of 0 5 mgm giv en 15 
minute* later pioduccd a fuithei reduction in the electnc potential which lasted 
for about an hour One or 2 mgm injected in a «ingle do^e altered the elect ncal 
activity of the frog brain in a sinulm manner for moie than one hour 
II Cals The effect of atabnne upon the electro corticogram usually becunt 
manifest about two hours following the intrapentoneal or intravenous injection 
but occasionally occmicd earlier, especially following the intravenous injection 
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It consisted in a suppression of the fast waves (10-11 per second) characteristic of 
light nembutal anesthesia and lasting usually for 1 to 2 hours or longer, showing 
the slow, low amplitude waves (6-7 per second) in a similar manner as in the 
recordings obtained on frogs (Fig. 3 and 4). In some of the experiments the 
original activity was restored by the third hour; following larger doses, however 
(12 mgm. per kgm.), the effect of atabrine was observable up to 4 hours later. 


I 


2 

3 

4 
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6 




Fig. 1. Electro-corticogram of a Cat in Xembutal-narcosis during Four and 

One-half Hours 

Cat 1.7 kgm. ,30 mgm. /kgm. nembutal intrapcritoneallv Record (l) taken 30 minutes; 
Record (2) 79 minutes ; Record (3) 100 minutes; Record (4) 1S8 minutes; Record (5) 190 
minutes; Record (6) 216 minutes after intraperitoneal nembutal-injection. Ail records show 
substantially the same average amplitude, frequency and shapes. Ampl. 7 mm. Cal, 100 
micro-volts, speed 1.5 cm. per 1 second. 


Special attention has been given to the question of the distribution of atabrine 
in the blood and in the brain in order to determine to what extent the concentra- 
tion of atabrine in blood or brain may be responsible for alterations in the 
electro-corticogram. Atabrine disappears quickly from the blood while it can 
still be demonstrated in the organs, especially in the liver and in the brain for 
longer periods (0, 9). It appears therefore that the electro-corticographic 
changes depend upon the atabrine content of the brain and not on its concentra- 
tion in the blood. This is to be assumed since the altered electro-corticogram 
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appears as a mite about 1 to li hours following the intravenous injection when 
the atabime blood content is alreadv confide rabl\ i educed (Table 1) 

Father investigation into the question of atahnne content and di-stnbution 
in the brain agree that lelativch little of the d\c is deposited in the brain is 
compared to other organs, but like othei mgans jt can letam the substance for 
some time While I/ecfit (4) found atobnne m the biain and particularh in the 
cortex onlj following fatal doses and the cerebro-pnal fluid always free of ata 

p/* V/A^V /*/y 





I 


Fio 2 Effect of Tw o Injections or 0 5 Mg Atabrine into the Thoracai Lymph S\c 
of a Pithed Fnoo ot 3b Gram 


Record (II before itnbrine injection, Record (2) fil.cn 3 min after first injection of 
" " * 1 • . « > •> * •*» * ’ “ after 

f the 
left 
s foi- 
icro- 

\olts, spetd 3 cm per 1 second 


buna, oui investigations show in cm loboiation of analyses b\ Dearborn, Kdsey, 
Oldham and Gating (9) that the brain can letam consuleiablc quantities of 
at ibnne, namch 3 3 to 0 mierogiam pei gram, follow ing small nonto\ie doses of 
5 to 10 mgm per hgm 

Discussion \ definite depressive effect of atabime upon the electucal brain 
actiutv was observed in appioximatoh 0G% of oui cat expenments and doubtful 
effects m the remaining one-thud of the test animals On the lusts of the laige 
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number, of conclusive tests observed, we believe that we can conclude that ata- 
brine even in non-toxic doses can exercise a depressive effect upon the cortex 
and appears also to increase the effect of nembutal on the corticogram. It is 
well known that anoxia produces some alterations in the brain potentials (13, 
14). Since atabrine m fatal doses impairs the respiratory center the possibilitv 
should be considered that the observed changes in the brain waves following 
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Pig. 3. Effect of Intba venous Injection of 20 Mom. Atabrine on the Cat Electro- 

CORTICOGRAM — 

Cat 1.75 kg., 30 mgm. per kgm. nembutal intrapcritoncnlly. One hour later 20 mgm. 
atabrine dihydrochloride, in 2% solution intravenously. Record (1) before atabrine injec- 
tion. Record (2) 1 minute, Record (3) 17 minutes, Record (4) 31 minutes, Record (5) 
74 minutes. Record (0) 149 minutes after atabrine injection. Record (3) and especially (4) 
show definite alteration of waves; inTecord (4) the waves of higher amplitude disappeared 
entirely, (5) and (6) show beginning recovery. Ampl. 8 mm. 100 micro-volts, speed 1.5 cm. 
per 1 sec. 

atabrine application might be due, at least partly, to anoxia. In our experi- 
ments, however, only doses of atabrine were used which did not visibly affect tlic 
respiration. This is in agreement with Vnna (8), who showed that the intrave- 
nous injection of sublethal doses did not influence the respiration of anesthe- 
tized cats. 

The reduction in the electrical activity of the brain following administration of 
atabrine agrees with other findings which point to a depressing action of this drug 
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upon certain brain functions Thus, Ilccht (4) demonstrated m cats m which 
a fe\er was produced b\ means of B coU \accinc, that ntabnne m doses of 0 1 
gram per Lgm reduces the bod} temperature b} 0 G to 0 9 degrees and that the 
maximum effect occurs about two hours following administration, C/iopra(2) 
reported that the reduction of tempeiature ranged up to 1°C in rabbits watli 
induced fe\er lasting for about twehe hours Unna (8) reeenth found that the 
sudden drop in blood pressure and the cessation of the respiration following 
fatal doses of atabnne is apparent!} due to parabsi* of the aasomotor and 
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Fio 4 The Same Expeiumjnt \s in I io 3 with GREvnn Speed (3 C« per 1 Second) 
Record (I) before atabnne injection Record (2) 3 mmutes Record (3) 23 minutes Record 
(4) 51 minutes Record (5) 10S minutes Record (6) 15S minutes after atabnne injection 
A very distinct alteration of bram waves in altitude and frequency in records 2 3 and 4, 
m 5 and 6 beginning recover} 

respirator} centers and ma) be counteracted b\ picrotoxm The effect of ata 
brine in producing central depression appe ir> along with blocking of electrical 
brum potentials, to precede the reduced lrritabiht} and the subsequent motor 
paral}sis, in frogs 


SUMMARl 

1 Atabnne in doses of 5, 10, 12 mgm per kg gi\en mtrnpentonealh or 
intravenousi} can alter the electro corticogram of cats m nembutal anesthesia 
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T])e rapid Have frequency usually disappeared and only slow waves of low ampli- 
tude remained. 

2. Ibis central depressant action of atabrine seems to be independent of the 
atabrine blood concentration and appears to be related to the atabrine content 
of the brain. This effect was observed within a few minutes following intrave- 
nous injection, but usually did not appear until one hour or longer after the 
injection; it persisted, depending upon the dose given for 1-4 hours. 


TABLE 1 


Distribution of atabrine in blood and tissues * 


TIME AFTER I.V. 1 
INJECTIOV 

■y/cc. 

TISSUES 

TIME 


BLOOD SAMPLES 


7/0M. 


Experiment No. 1: A 2.2 kg. cat was given 20 mg. atabrine in 1 cc. intravenously 
and encephalo-corticograms were recorded 


min. 



min. 


Control 

0 

Liver 

140 

60 

15 

2.5 

Brain 

140 

6 

35 

2.2 




GO 

1.6 




120 

0.B 




140 

0.6 





The boldface figures belong to abnormal electro-corticogram; this was still abnormal after 
140 minutes when the cat was sacrificed by bleeding 


Experiment No- 2: A 2.9 kg. cat was given 50 mg. atabrine in 2.5 cc. intraperitoneally and 
encephalograms were recorded. Blood and tissue atabrine levels were as follows 


nun apter i.p. 
INJECTION 




10 

2.0 

Liver 

2G0 

25 

2.0 

Brain 

260 

45 

2.0 



140 

1.8 



205 

3.5 



235 

1.0 




The encephalogram was abnormal within 30 minutes, with maximal effect at about 1 to 2 
hours (boldface figures); at termination of the experiment the effect was 

clearly decreasing ____________ 

* We are indebted to Dr. It. H. Silber for these analyses. 


3. A similar atabrine action was seen in the electrocorticogram of pithed frogs 
following the injection of 0.5 mg.-l mg. atabrine. 2 mgm.-3 mgm. of atabrine 
injected into the thoracic lymph sac blocked the righting reflexes and reduced 
the motility of the animals; it was followed by a reversible paresis lasting several 
hours or by irreversible paralysis in spite of a continued heart action, finally 

leading to death. ... . 

4. Our results tend to support clinical observations of central disturbances 

occurring during, or following the administration of atabrine. 




ATABRINE AND ELECTRO CORTICO POTENTIALS 


3G1 


REFERENCES 

(1) Field Bulletin II of the Institute for Medical Research, Federated Malay States, 

1938, cit J Am Med Assoc , 121 j 765, 1943 

(2) Ciiopha A Handbook of Tropical Therapeutics Calcutta 1936, 602 and 1623 

(3) Allen, Allen and Fulghum J Med Assoc Georgia, 26 62, 1937 

(4) Hecht Arch f exper Path u Pharmakol , 170' 32S, 1933, 183. 87, 1936 

(5) Daw son, Gingrich and Hollar Am J Trop Med ,15.515,1935 

(6) Chopra, Ganguu, and Rot Ind Med Gazette, 71: 443, 1936 

(7) Martin, Caminole, and Clark This Journal, 65: 156, 1939 

(8) TTnna This Journal, in press 

(9) Dearborn, Kllsev, Oldham, and Ceiling This Journal 78:120,1913 

(10) Fernando, and Wijerama Lancet, 2: 1056 1935 

(11) Tropp and Weise Arch i exper Path u Pharmakol ,170.339,1933 

(12) Kingsbury Lancet, 2: 979, 1934 

(13) Sugar and Gerard J Neurophysiol , 1: 558, 1938 

(14) Gibbs, Williams, Denis and Gibbs J Neurophysiol , 3 49, 1940 

(15) Grinker and Serota J Neurophysiol , 1: 573, 193S 

(16) Hoaoland, Himwich, Campbell, Fazekas and IIadidian J Neurophysiol , 2. 276, 

1939 

(17) Lewey and Gammon J Neurophysiol , 3* 38S, 1940 

(18) Forbes and Morrison J Neurophysiol , 2 112,1939 

(19) Beecher J Neurophysiol , 3 347, 1940 

(20) Brodie and Judenfbeund J Biol Chem ,151:299, 1943 



THE INFLUENCE OF THIAMIN-DEFICIENCY ON WORK 
PERFORMANCE IN RATS 

MICHAEL KNIAZUK, E.E., and HANS MOLITOR, M.D. 

With the technical assistance of James Hunter, Harry Kasha, and Walter O’Shanny 1 
From the Merck Institute for Therapeutic Research, Rahway, Xcw Jersey 

Received for publication December 20, 1913 

The influence of specific nutritional deficiencies on the ability to perform 
hard physical work is a topic of much interest particularly at the present time, 
when greatly increased demands are being made on the physical endurance and 
fitness of large sections of the population. A number of studies in man have 
established beyond doubt that under certain conditions a deficiency in vitamins 
of the B-complex may result in an impairment of physical fitness (1, 2). How- 
ever, no systematic investigation in experimental animals has been reported, 
due probably to the technical difficulties of measuring muscular endurance in 
non-anesthetized intact animals, particularly smaller species such as the rat, 
which however are the animals of choice for nutritional studies. Nevertheless, 
such a study would seem highly desirable on account of the limitations imposed 
on investigations of experimental vitamin-deficiencies in man. It is well known, 
that as a rule vitamins exhibit a pharmacodynamic effect only in a deficiency 
state (3), and the work of Iveys and Herschel (4), in man has proved that this 
general principle holds also true for their effect on muscular fatigue. It is, on 
the other hand, almost impossible to produce and maintain in man, experi- 
mentally, vitamin deficiencies for any length of time, not only because of the 
possibility of complications due to unexpectedly severe reactions, but also on 
account of the difficulty of feeding a generally unpalatable and monotonous diet 
over a prolonged period of time. We need only consider the fact, that the clinical 
syndrome of pyridoxin and pantothenic acid deficiency has not yet been estab- 
lished in man, although both deficiencies have been extensively studied in labora- 
tory animals and both vitamins have been freely available for a number of years. 
For these reasons it seems advisable to study the influence of certain vitamins 
or other dietary factors on fatigue first in deficient animals before undertaking 
the laborious task of a rigidly controlled study in man. 

The study of muscular endurance in animals is technically not easy. White a 
human volunteer will perform an imposed strenuous exercise until completely 
exhausted and will thus establish a reasonably accurate end-point, this is not the 
case in the experimental animal, which will exercise to the limit of its capacity 
only if forced to do so. 

The widely used method of a treadmill forces the animal to perform to the 

1 The methods described in this paper for measuring work performance and activity were 
devised, and the necessary equipment constructed by the first author (M.K.);the pharma- 
cologic experiments were planned and supervised and the manuscript prepared by the 
second author (H. M.). 
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utmost of his ability, however, the form of stimulation applied in this procedure 
bears no relation to the amount of energy expended bj the animal While it is 
possible to varj the amount of exercise by adjusting the speed and the incline of 
the treadmill, this is practical onlj m man and, possibly, in the dog, but not in 
the rat Furthermore, frequent running on the rough tracks of a treadmill 
tends to injure the feet of an animal which is struggling against this forced type 
of exercise and the minute cuts and bruises thus produced rnaj lead to a second 
ary anemia through repeated, though apparently negligible losses of blood, this 
is likely to complicate the interpretation of the results 
A method of exercising which overcomes most of these objections and which is 
exceptionally well suited to the use m small animals is that of swimming with an 
attached w eight This method, first employed by Klejn and Van Wyndgarden 
(5) m their studies of adrenalectomized rats, has the ad\ antage that it completely 
eliminates the possibility of a mechanical injury, furthermore, the weight, which 
the swimming animals is made to carrj, provides a simple way of vaijing and 
measuring the amount of work performed 
The usual difficulty of determining the endpomt m this type of experiments 
appears on first impression to be minimized with this method since one might 
assume that the animal will make every attempt to keep himself above water 
until completely exhausted, the moment when he can no longer swim and sinks 
below the surface should thus mark the endpomt Unfortunatelj , however, 
this assumption is not borne out by the facts The majority of the rats soon 
develop a tendency to insert 6hort rest periods between stretches of swimming 
If the} are not made to carry a weight, they accomplish this by permitting them 
selves to float with a minimum of motions Any prolonged sinking below the 
surface under such circumstances could properly be regarded as a sign of com* 
plete exhaustion, however a test conducted in this manner would most hkelj 
extend over many hours since the rat possesses remarkable endurance and will 
keep on swimming for man> hours, it would thus become almost impossible to 
conduct an investigation on a group of animals sufficiently large for statistical 
evaluations It is therefore necessarv to attach to the animal a weight which 
is heavj enough to make it impossible for him to remain on the surface without 
activ e svv imraing mov ements How ev er, if the ammal is made to carry such an 
extra weight, he soon learns to take a rest by permitting himself to sink to the 
bottom of the tank, even if in doing so he occasional!} traps himself below the 
surface and maj drown long before having reached a state of complete muscular 
exhaustion 

The determination of the critical endpomt offers for the above reasons almost 
as man} difficulties with the sw imming method as with other methods of forced 
exercise To overcome these difficulties, an apparatus was devised which not 
on!} permits a continuous change of the weight earned b} the ammal while he is 
swimming but adjusts it automatically to his maximum canning capacitv 
ith such a device the ammal learns after a few expenments that ev en a heavj 
load will force him to exercise onl} as long as he can but will not drown him as his 
powers weaken Consequently, his swimming movements change soon from a 
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frantic struggle for life to a regular and coordinated motion. The weight, carried 
at an> given moment is an indication of the animaPs strength and serves as a 
reasonably objective measure of its physical condition. 

A sketch of the equipment is given in figure 1 . Dj— Dj is a beam balance sup- 
ported on 2 knife edges E-E. The rat is suspended at one end of the balance 
arm (D : ) by means of a wire-cable I and an elastic harness J. A weight, slightly 
in excess of the maximum load which the animal is to carry, is attached to the 
harness and the entire unit is fastened to the chest of the animal. All weight in 
excess of what the rat is capable of supporting is counterbalanced by a variable 
length of chain X, attached to the opposite end of the balance arm (Di). The 
free end of the chain is wound around the drum 0 , which is driven by a reversible 



motor B. The movements of the motor B are controlled by the position of the 
swimming animal: If he sinks, the weight on Di is increased and the load on the 
animal reduced; if, on the other hand, he swims vigorously and maintains his 
position with respect to the surface, the weight on Di is decreased and the load 
which the animal has to carry is correspondingly increased. A cutoff switch C 
stops the chain at a point at which the load imposed on the animal reaches a 
predetermined maximum. 

The operation of motor B is controlled by 3 platinum contacts Hr, H 2 , H 3 . 
These are moved up or down by an auxiliary motor A to make contact in a cup 
of mercury M fastened to the beam balance. Contact H 2 controls the loading 
motor B, decreasing the chain length on Di when open and increasing it when 
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closed The swimming performance of the rat governs the position of contact 
H» Even if the rat makes a permanent change in its swimming position with 
respect to the surface of the water, the contact motor A maintains through 
lowering or raising of the entire group of contacts Hj, H 2 , H s the same relation 
of contact H 2 to the mercury Contact H 3 controls auxiliary motor A, mo; mg 
the points up when contact is made and down when contact is broken If Hi 
contact is broken, the auxiliary motor A is stopped completely Tins serxes as 
a safety measure Its purpose is to stop the downw ard motion of the contact 
motor when the rat drifts persistently towards the bottom and remains there 
for a long period, as is the case when he gets tired If under such conditions the 
contact motor w ould not be stopped, the distance betw een contact H 2 and the 
mercury would be reduced to a degree, where a slight upward moiement of the 
rat would caiv*e motor B to increase the load on the animal although it was still 
under water The speed of the adjustment is relatively slow , so that a transient 
change in the position of the animal, such as when he drifts to the bottom, or 
lifts himself with a few energetic strokes has no appreciable influence on the 
position of the contacts 

Experimental To measure the performance of a rat, the following procedure is fol 
low ed the hair is removed from the entire body, Bince the presence of air bubbles in the fur 
tends to buoy the animal and introduces an additional variable, when experiments are 
extended over several weeks, the clipping is repeated whenever necessary As a further 
protection against air bubbles the w atcr is poured into the sw iraming tanks at least 12 hours 
before the test and is kept during this tune at 30°C , this temperature js also maintained 
during the test The swimming tanks are made of glass and are 18' high and 10' 
in diameter 

The clipped rat is weighed to ±0 5gm , put into an elastic, weighted harness, placed into 
the tank and permitted to swim Our deuce permitB conducting the test in two ways, 
offering different types of exercise One, named in the following ' endurance te$t ’ consists 
of exercising the rat with the heauest load which he can comfortably carry and to adjust 
this load subsequently to his waning strength An experiment conducted m this way may 
extend over several hours, until the animal becomes exhausted However, we have usually 
terminated the test after 15-30 minutes since it was observed that the most significant 
changes occur during this period Indeed, the time between the start of the experiment 
and the point when the swimming record drops 1 cm below the starting level, provides a 
reasonably accurate estimate of the performance of the animal which may be expected 
during the following hours The results of the endurance test are expressed in gram min 
utes obtained by planimetric measurement of the area under the swimming curve, or in 
1 time of optimal performance , represented by the time during w hich the animal maintains 
its swimming curve within 1 cm of the starting level Both values parallel each other 
closely 

The alternative to the “endurance test is the “peak performance’ test In this the 
animal is started with a very light load , w hich. is steadily increased until within 1-2 minutes 
the maximum tolerated load has been reached and the animal sinks under the surface, at this 
moment the test is immediately terminated The results are expressed in the maximal 
weight which the animal was able to cam 

1 he results of the “endurance ’ and the ‘ peak performance 'tests show usually the same 
trend but each test examines somew hat different stamina of the animal, the “endurance” 
test may be compared to a marathon race, while the * peak performance ’ test resembles a 
100 y ard run A variation m muscular performance may show up better in one or the other 
modification and for this reason both should be tried UDtiI the more sensitive one has been 
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After having investigated the various factors influencing swimming tests in normal ani- 
mals we proceeded to study the effect of thiamin deficiency on muscular performance. 


Thiamin-experiments. The influence of thiamin deficiency on the muscular 
performance was studied in a total of 120 rats, which were sub-divided in groups 
of 12-16 animals, one-half of which served as pair-fed controls. The rats varied 
in weight from 30 gms. to 400 gms. with the greater part in a weight-range of 
from 210 to 290 gm. This age group represented a compromise between the 
optimum for deficiency studies and that for swimming experiments. The 
younger rats developed more easily and rapidly the vitamin deficiency while 
the adult ones were preferable for the exercise tests. There was, however, no 
qualitative difference between these widely varying age groups and the findings 
reported in the following are typical of the entire investigation. 

The procedure followed in these experiments was as follows: a group of 12-16 
rats, matched for weight and sex, was subjected to a few preliminary swimming 
tests, in order to eliminate unsuitable animals. After the final group had been 
formed, all animals were standardized for their swimming performance and the 
test group was then placed on a diet, which was complete in every respect except 
for thiamin. 2 Food consumption and body weight were determined daily and 
the food intake of the control-group was restricted to that of the deficiency 
group. Swimming tests were performed with both groups, in the early part of 
the experiment every second day and in the later part, when the body weight of 
the deficient animals had begun to decline and deficiency signs had developed, 
at daily intervals. The time necessary to produce thiamin deficiency varied 
widely, depending on the age of the rats; some of the older animals failed com- 
pletely to develop the typical convulsions and manifested the progressing defi- 
ciency chiefly in a loss of weight; however, even in these atypical thiamin deficien- 


cies an impairment of muscular performance could be observed. 

After an animal showed signs of deficiency, it was treated with thiamin hydro- 
chloride, which was injected intraperitoneally or intramuscularly in massive 
doses, usually 250 y per rat per day; the pair-fed controls were given an identical 
course of treatment. The length of time during which the animals remained on 
the deficiency diet varied greatly, as did the severity of the deficiency at the time 


of initiation of treatment. Since we were interested in studying different stages 
of the disease, early as well as fully developed deficiencies were examined. 
However, rats which had progressed to the convulsive stage could for technical 
reasons not be subjected to swimming tests; in these instances one day had to be 
skipped and the test had to be postponed until several hours after injection of 


the first dose of thiamin. . . 

Thiamin-treatment with massive dose was given for 2-6 days; during this time 
the deficient as well as the control rats were restricted to the amount of food 
which they had consumed on the day immediately preceding the termination 
of the deficiency. This was done to differentiate between possible action of the 
vitamin and the combined effect of vitamin administration plus a sudden great 


5 The composition of the diet was as follows: Casein, vitamin free, 18%; Corn starch 
53%; Autoclaved brewers’ yeast, 15%; Salt mixture USP No. 1, i/c; Butter fat, 8%, C 
liver oil, 2%. 
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increase in food intake. After a few days of this restricted regime the animals 
were permitted free access to food and the thiamin deficient diet was replaced 
with a complete stock diet. 

The conditions in these experiments varied so widely, that it is impossible to 
present all individual experiments in tabulated form; the following graphs of one 
individual rat and of one group of rats may serve as typical examples. Figure 4 
demonstrates the effect of thiamin deficiency in a male rat, which weighed at the 
beginning of the experiment 20S gm. and regained this weight at the end of the 



Fig 4 Effect of Thiamin Deficiency on Work Performance 


cncy ami during the period of recovery. 

experimental period of 7 weeks, after it had temporarily dropped to 180 gm. at 
the height of the deficiency. The first signs of thiamin deficiency developed after 
23 days. At this time, its swimming performance deteriorated rapidly, until it 
reached a low 7 days after the first decline in weight had been noted. At this 
point the treatment with 250 y thiamin hydrochloride was begun and continued 
for 0 days, with food restricted during this period to 4 gms. daily. It can be seen 
from the graph, that the swimming performance inei eased almost immediately. 
The ‘‘optimal swimming pei formance" reached almost the original level, while 
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in the more severe “endurance-test” about one half of the original performance 
was regained. After the rat had been given free access to food, the original level 
was reached in both teste. 

Figure 5 shows the influence of thiamin deficiency on a group of 4 rats and a 
pair-fed control group. The initial average weight was 250 gm. In order to 
obtain a better comparison, the changes in the swimming performance of each 
individual animal were expressed in percentage deviations from the starting 
value; averages of all such figures were then calculated and plotted on the graph. 
It can be seen that the thiamin deficient group decreased in swimming per- 



Fig. 5. Average Work Performance of a Group of Four Thiamin Deficient and 
Four Pair-fed Control Rats 

Abscissa, time in weeks; Ordinate, average variation in work performance ns expressed 
in per cent deviation from the normal performance of each individual rat. The average 
weightof the rats at the beginning of the testwas2S0 grams. Heavy line, work performance 
of thiamin deficient group; Dotted line, work performance of pair-fed control group. 

formance from 100 to 62%; during the same time the pair-fed controls decreased 
only from 100 to 98%; upon intraperitoneal administration of thiamin to both 
groups (250 7 daily for 6 days), the performance of the deficient group rose 12 %, 
the pair-fed control group 5%; after both groups were given free access to food, 
the thiamin-deficient group increased its performance an additional 19%, the 
control group 6 %. 

The following is a summary of all experiments: a total of 120 rats were used, 
of which 69 were placed on a thiamin deficient diet, while 51 served as pair-fed 
controls. Of the 69 deficient rate, only 4 failed to show a marked impairment of 
swimming performance, as the deficiency progressed; 16 rats died either acci- 
dentally or from the deficiency, before thiamin administration was started. Of 
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the remaining 49 rats, which permitted completion of the entire experiment, 43 
responded to thiamin administration with a definite improi ement of swimming 
performance while G rats failed to respond 

Discussion From the above as well as similar experiments we conclude that 
1) thiamin deficiency results in a rapidly progressing impairment of work 
performance, 2) this deterioration of physical fitness is not caused by inanition 
due to decreased food intake, 3) parenteral or oral administration of large doses 
of thiamin, even without mcreasing the food intake, improves markedly the 
work performance of the deficient animals, 4) thiamin administration fails to 
ha\e such an effect on non-deficient rats Substitution of the deficient diet 
with a normal diet without additional injection of large doses of thiamin causes a 
similar restoration of the impaired work performance, however, the effect is less 
dramatic and requires several days, whereas the parenteral administration of 
very large doses of thiamin and simultaneous free access to food restores the 
impaired performance within 1-2 days, several day s before the body w eight has 
returned to its original level 

Our experiments are in complete agreement with the observations in man 
reported by (1, 2, 3) We have been able to show that during the course of a 
thiamin deficiency the physical fitness of rats deteriorates remarkably fast and 
reaches the lowest level only a few days after the body weight of the animals has 
started to decline Normal animals, on the other hand, are not benefited by the 
administration of ev en excessive doses of thiamin A considerable reduction of 
food intake appears to be without marked influence on the work performance, 
as long as it does not result in the development of thiamm deficiency 

The experiments reported above are further evidence for the importance of an 
adequate thiamm intake for optimal work performance The question, whether 
other nutritional deficiencies are likely to cause a similar impairment of physical 
fitness or whether this is specific for thiamin deficiency , is still open While the 
pair fed controls in our experiments show that a simple reduction m the ealone 
intake of an otherwise adequate diet is not likely to exert a detrimental influence 
on work performance, we are inclined to believe that a deficiency of at least some 
of the other vitamins of the B complex will manifest itself in a similar manner 
as a thiamm deficiency Experiments along these lines are under w av and will 
be reported later 

SUMMARY 

1 A method for the recording of the work performance of swimming rats is 
described This method permits the discovery of minor impairments in the 
physical fitness of these animals and affords a means to measure and record quan- 
titively the changes of muscular performance 

2 Various factors influencing these tests have been mv estigated and their lm 
portance is analyzed 

3 Administration of a thiamm deficient diet results in a rapid and marked 
decrease of phy sical fitness 

4 Administration of thiamm restores promptly the impairment of work- 
performance due to thiamin deficiency 
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5. This reduction of work-performance is not caused by a reduced intake 
of food. 

6. Administration of thiamin, even in large doses, to non-deficient animals is 
without beneficial effect on their work performance. 

7. Reduction of food intake alone is not accompanied by a decrease in work- 
performance, as long as a nutritionally adequate diet is provided. 
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The purpose of this piper is to piesent a comparative!) simple method b) 
which the ox) tocic actiutv of posteuor pituitary solutions can be determined 
with hitherto unattainable precision The widely recognized dmd\ antages of 
the guinea pig uteune method liav e been set forth b) Morrell, Allmaik and Bach 
inski (1) The) dev lsed a new method ba^ed on the quantal response of eight 
uterine strips and designed so that the leliabiht) of individual assajs could be 
determined In their as ajs of solutions of ‘ unknown” potenci thev obtained 
errors up to 35 per cent with an aveiagc error of 5 ^8 ± 7 13 pei cent 

The chicken blood pressure test for ov> tocic activit) reported b) Coon (2) 
and studied b) Smith (3) is simpler and more economical This test is carried 
out b) injecting intrav cnou«l> vai)ing doses of standard and unknown until 
doses are found which pioducc equal, submaximal falls in blood pressure Ex 
actlj equal falls in piessure aie iarel) obtained and e\en when the) are the) 
may be misleading because of chance aanations m response or because of chang 
ing sensitiv it\ to the drag as the experiment progresses It is difficult to deter- 
mine the experimental error of each as^av The proper interpretation of the 
data depends largel) on the judgment and experience of the nssa) ist Coon (2) 
claims onl) as gieat a degree of nccurac) as can be expected in biological 

assa) ’ This gives little information of the precision to be expected 
Smith and Vos (4) devised a more satisfactorv procedure for conducting the 
chicken blood pressure test in that the results and experimental errors of in- 
dividual assa)s aie computed mathematical!) Their proceduic involves the 
randomized administration of each of four doses four times, making a total of 
sixteen injections with a ten minute interval between doses Their method 
is designed according to the precepts of Bliss and Marks (5, 6) and is similar 
to that emplo)ed b) Schild (7) for his assa)s of histamine on isolated guinea 
pig gut Smith and \ os (4) obtained enors up to 18 2 per cent w ith an a\ erage 
error of 0 9 per cent in their a^av k > of posterior pituitarv solutions of ‘ unknown ’ 
potenc) 

In biological assa)s where ■uiccessne doses are given to the same test object 
the chief difficult) is the elimination of the effect of changing ^ensitn itv from the 
experimental comparison Schild s (7) or Smith and Vos’ (4) method accom- 
plishes this to a degree since the four doses are repeated at different ^ensitivit) 
levels However anv change m semutivitv which occurs during the period 
required for the administration of foui doses obviousl) causes variation in re- 
sponses which would contribute to the error of the a^sav This change is often 
great in the chicken blood presure test for oxv tocic activ it) of posterior pituitar) 
373 
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and probably accounts largely for the magnitude of the errors obtained bv 
Smith and Vos (4). 

Vos (8) reported a method for the assay of ergonovine on rabbit uterus in 
which he utilized the latent period as the response. His experimental design 
and method of interpretation, theoretically at least, eliminated almost entirely 
the effect of changing sensitivity from the experimental comparison. That he 
was quite successful is evidenced by the precision of his assays of ergonovine 
solutions of "unknown” potency. He obtained a maximum error of 9 per cent 
with an average error of 3.8 per cent. 

The present method involves the application of the experimental design em- 
ployed by Vos (8) for the assay of ergonovine on rabbit uterus to the chicken 
blood pressure test for oxytocic activity of posterior pituitary extracts reported 
by Coon (2). 

Experimental. For recording blood pressure a Harvard membrane manometer' was 
used in place of the mercury manometer employed by Coon (2). This recording device 
eliminates the inertia of the mercury column thereby influencing to a lesser extent the 
evanescent fall in blood pressure produced by posterior pituitary. The flow of liquid 
back and forth in the cannula as blood pressure changes is also minimize^. This aids in 
preventing clots and reduces the amount of citrate that enters the blood Btrcam. The 
manometer was adjusted so that 1 mm. excursion of the writing point represented a change 
in pressure of approximately 2 mm. of mercury. The actual magnification of the response 
is unimportant just so it is enough to allow accurate measurement of the record produced 
and the same magnification is used throughout the assay. Further magnification of the 
response has no more effect than multiplying all responses constituting an assay by a com- 
mon factor. By means of an adjustable screw clamp, placed on the rubber tube connecting 
the cannula with the manometer, the excursions of the writing point produced by the heart- 
beat were reduced to an amplitude of 1 to 2 Cm. before beginning an assay. 

8.5 per cent sodium citrate solution was used as anti-coagulant in place of the 5 per cent 
UBed by Coon (2). This appeared to further reduce the incidence of clotting. 

A branch of the brachial vein (underside of wing) was utilized for intravenous injections 
instead of the crural vein used by Coon (2). This is somewhat more convenient to the 
operator. There iB also less chance of jostling the arterial cannula when doses are adminis- 
tered. The injections were always made at the junction of two branches of the vein so 
that the blood flowing from one branch helped to wash the drug into the circulation. 

White leghorn roosters varying in weight from 1.1 Kg. to 1.8 Kg. were employed for this 
study. During the course of the experiments 18 roosters were prepared for assay of poste- 
rior pituitary solutions. Two of these were discarded as unsuitable because of very rapid 
development of tachyphylaxis. 

The assay procedure evolved and used in the present experiments is as follows. A white 
leghorn rooster is selected, anesthetized, set up for intravenous injection and the blood 
pressure recorded as directed by Coon (2) except that, as indicated above, a Harvard 
membrane manometer is used in place of a mercury manometer, 8.5 per cent sodium citrate 
is used as anticoagulant instead of 5 per cent and a branch of the wing vein (brachial) is 
utilized for injections instead of the crural vein. One cc. of U.S.P. standard posterior 
pituitary solution is diluted to 10 cc. with 0.9 per cent NaCl solution and the solution to be 
tested is diluted with the same diluent to an expected potency of 100 per cent of the stand- 
ard. -Stronger solutions are used when the required dose exceeds 0.4 cc. A dose of the 
standard is found by preliminary trial which will produce a submaximal response equiva- 
lent to a fall in bloo d pressure of about 30 to 50 mm. of mercury. This standard dose is 

i See catalogue of The Harvard Apparatus Co., Inc., Dover, Mass. 
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kept constant and is administered alternately with doses of the unknown which aro varied 
eo that some give responses less than the standard, others give responses approximately 
equivalent to the standard and others give responses greater than the standard Actually 
the dose of the standard maj be increased during the course of the assay if the rapid develop- 
ment of tachj phylaxis makes it necessary in order to maintain recorded responses above 
10 or 15 rara The unknown doses must then be proportionately increased and each section 
of an assay involving a certain dose of the standard must begin and end with that dose 
Likewise, in the event of a clot the cannula may be washed and the assay continued just 
so each unknown dose used in computing the result is preceded and followed by a con- 
stant dose of standard This \ersatihty of the experimental design enabling one to deal 
with interruptions in the assay without materially afTecting the result, was not pointed 
out by Vos (8) 

The dose of the unknown which produces a larger response than the standard should bo 
no more than twice as large as the dose which produces a response less than the standard 
The intermediate dose ma> be varied if desired to try to produce responses exactly equiva- 
lent to those of the standard, thereby producing graphic evidence of the strength of the 
unknown according to the principles of matching responses 

The assay must be run on a definite time schedule The interval between doses in the 
present assays was three minutes in all cases Coon (2) recommends an interval of 3 to 
5 minutes m his procedure while Smith and Vos (4) used a ten minute interval The shorter 
interval makes possible the administration of a greater number of doses in a given time 
thereby increasing the accuracy of the result An interval longer than three minutes may 
be used if at any time it is required to allow the blood pressure to return to normal 

To summarize, the doses are administered at three minute intervals in the following 
order S Ui S Uj S U« B Ut S Ui S etc where S represents the constant dose of standard 
and Ui, U* and U, represent the low , medium and high doses of unknown respectively 
The number of times the doses aro repeated is governed by the accuracy desired 

A protocol of an assay involving 15 doses of unknown and 17 of standard is 
shown in table 1 

It was necessary m this assay to increase the doses to stay in the proper 
response range The doses were increased starting with dose number 49 If 
clottmg occurs at any time the clot may be washed from the cannula and the 
assay contmued as before Any data produced by a dose of unknown not 
preceded and followed by a constant dose of standard without interruption, 
must be eliminated from the computation of the result By the use of the 
membrane manometer and 8 5% sodium citrate as anticoagulant clottmg hardly 
ev er occurs during an assay. If several assays are run on one rooster the cannula 
should be washed between assays thereby further reducing the likelihood of 
clottmg 

Resuuts Calculations The assay data are interpreted precisely as mdicated 
by Vos (8) for his ergonovme assays on rabbit uterus except that in the present 
assays the responses are not expressed as logarithms 2 Smith and Vos (4) have 
shown that the depressor response of chicken blood pressure increases linearly 

* The results of the present assays were also computed after expressing the responses as 
logarithms Only insignificant differences were obtained as would be expected from the 
experimental design The use of mm response m the calculations for eight assays resulted 
in an average per cent error of 2 71 while the use of log response gave an average per cent 
error of 2 45 Average per cent standard errors were 3 03 and 2 90 respectively 
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with the logarithm of the dose of posterior pituitary. Tables 2 and 3 show the 
details of the calculations as applied to the data in table 1 . 

In table 2, columns 2 and 3, the logarithms are of the doses times 10 to avoid 
negative logarithms. In columns 4 and 6, table 2, the original recorded responses 
from table 1 have been multiplied by 2 to avoid the introduction of decimals 
when the standard responses are interpolated. If the recorded responses were 
measured to the nearest 0.5 mm. multiplication by four would accomplish the 
same result. This only simplifies the arithmetic and does not affect the final 
result. 


TABLE 1 
Protocol of assay 


9-23-43. Rooster 1.4 Kg. 200 mgm./kgm. Nn Phenobarbetal I.M. 


DOSE 

NUMBER 

TREPA RA- 
TION 

DOSE 

RECORDED 

RESPONSE 

DOSE 

NUMBFR 

PREPARA- 

TION 

DOSE 

RECORDED 

RESPONSE 

32* 

S 


mm. 

30 

48 

S 

cc . 

0.20 

mm. 

17 

33 

u 


36 

49 

S 

0.30 

33 

34 

s 

0.20 

30 

50 

V 

0.36 

36 

35 

u 

0.15 

23 

51 

s 

0.30 

27 

36 

s 

0.20 

28 

52 

u 

0.30 

27 

37 

u 

0.17 

24 

53 

s 

0.30 

23 

38 

s 

0.20 

27 

54 

u 

0.20 

15 

39 

U 

0.20 

29 

55 

s 

0.30 

22 

40 

s 

0.20 

26 

56 

u 

0.28 

26 

41 

u 

0.25 

32 

57 

s 

0.30 

25 

' 42 

s 

0.20 

24 

58 

u 

0.36 

29 

43 

u 

0.20 

25 

59 

s 

0.30 

25 

44 

s 

0.20 

22 

GO 

u 

0.26 

25 

45 

u 

0.15 

17 

61 

s 

0.30 

22 

46 

s 

0.20 

20 

62 

u 

0.20 

19 

47 

u 

0.20 

22 

63 

s 

0.30 

22 


* A previous assay involved the first 31 doses administered to this rooster. 


The estimated potency and the standard error for the assay illustrated, I12.G 
± 2.13%, is in satisfactory agreement with the true potency of 110 per cent to 
which this unknown had been made by dilution of the standard solution. 

Experimental Results. In order to determine the precision obtainable by 
tills method and to study the validity of the standard errors 8 solutions of 
posterior pituitary of known potency were assayed. To eliminate personal bias 
the true potencies of the unknowns were not made known to the assayist until 
after the results were computed. An experiment on each of the eight solutions 
involved the administration of 12 to 17 doses unknown. By designating each 
half of an experiment as a separate and complete assay results of two assays on 
each solution were obtained where only a relatively small number of doses were 
Utilized, for each. The results of two such assays on each solution are shown in 
table 4. This table shows the precision to be expected when C to 0 doses of 
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unknown arc emploj’ed in an assay. The maximum per cent. error is 8 0 while 
the average is 3.2. By designating each experiment as a single assay the single 
value obtained for each solution resulted from the use of twice as many doses. 

TABLE 2 


Analysis of data tn table l 


DOSE NUMBER 

LOC DOSE X 10 

| 2 X MM RECORDED RESPONSE 

X 

(A, - 

r 

(r. - U) 

j Standard 

Unknown 

1„ 

Standard Xt 

Unknown -Yu 

Observed 

Interpolated 

32 

0 301 


CO 





33 


0 301 


60 

72 

0 

-12 

34 

0 301 


GO 





35 


0 176 


5S 

46 

0 125 

12 

36 

0 301 


56 





37 


0 230 


55 

4S 

0 071 

7 

38 

0 301 


54 





39 


0 301 


53 

6S 

0 

-5 

40 

0 301 


52 





41 


0 39S 


50 

64 

-0 097 

-14 

42 

0 301 


4S 





43 


0 301 


46 

50 

0 

-4 

44 

0 301 


44 





45 


0 176 


42 

34 

0 125 

8 

46 

0 301 


40 





47 


0 301 


37 

44 

0 

-7 

48 

0 301 


34 





49 

0 477 


66 





50 


0 556 


60 

72 

-0 079 

-12 

51 

0 477 


54 





52 


0 477 


50 

54 

0 

-4 

53 

0 477 


46 





54 


0 301 


45 

30 

0 176 

15 

55 

0 477 


44 





56 


0 447 


47 

52 

0 030 

-5 

57 

0 477 


50 





5S 


0 556 


50 

58 

-0 079 

-8 

59 

0 477 


50 





GO 


0 415 


47 

50 

0 062 

-3 

61 

0 477 


44 





62 


0 301 


44 

3S 

0 176 

6 

63 

0 477 | 


, 44 






The values obtained in this way are given in table 5. The maximum per cent 
error is 4.5 with an average of 2.7. 

The term, per cent standard error, in tables 4 and 5 is used to indicate com- 
parative standard errors for the \arious assays. It is the standard error that 
would be obtained if all solutions assayed were of the same strength as the 
standard. The ratio, per cent error/ per cent standard error, gives a value w hich 
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TABLE 3 


Analysis of data in table 1 


PARAMETER. 

TORUULA 

VALUE 

N 

Number of doses of unknown 

15 

S(X) 

Sum of X 

0.510 

S(X-) 

Sum of X 1 

0.1247 

S(Y) 

Sum of Y 

-26 ’ 

-sen 

Sum of y» 

1,206 

S(XY) - 

Sum of XY 

9.667 

£ 

S(X)/N 

0.034 

y 

S{Y)/N 

-1.73 

(*») 

! S(X*) - 2 S(X) 

0.1074 

(y'J 

S(Y>) - yS(Y) 

1,161 

(*y) 

S(XY) - £S(Y ) 

10.551 

b 

(xy)/(i*) 

98.2 

M 

£ - y/b 

0.0516 

Potency in per cent 

100 (Antilog. M) 

112.6% 

Reduced (y 1 ) 

(y ! ) - b(xy) 

124.9 

s 1 

Reduced yVN — 2 

9.61 

V(X) 

b ’ \b(xy) ~ Nj 

0.000067 

sU 

wm 

0.00S2 

Standard error 

2.303s W(100) (Antilog. M) 

2.13% 


TABLE 4 


Results of assays of "unknown’’ solutions 


ASSAY 

NUMBER 

number op 

UNKNOWN 

DOSES 

TRUE 

POTENCY 

POTENCY 

POUND 

STANDARD 
EBB OX 

PER CENT 
EXXOX 

PEX CENT 
STANDARD 
ERROR 

% ruoi 
% STD. ERROR 

l-a 

6 

80 

80.4 

2.1 

0.5 

2.6 

0.19 

1-b 

6 

80 

83.5 

6.6 

4.4 

7.9 

0.56 

2-a 

7 

75 

71.2 

1.3 

5.1 

1.8 

2.84 

2-b 

6 

75 

75.7 

4.2 

0.9 

5.5 

0.16 

3-a 

8 

120 

112.9 

3.1 

5.9 

2.8 

2.11 

3-b 

9 

120 

119.5 

5.4 

0.4 

4.6 

0.00 

4-a 

8 

100 

105.2 

8.2 

5.2 

7.8 

0.67 

4-b 

7 

100 

102.0 

5.8 

2.0 

5.7 

0.35 

5-a 

8 

no 

113.7 

4.8 

3.4 

4.2 

0.81 

5-b 

7 

no 

117.6 


6.9 

4.0 

1.71 

6-a 

8 

no 

110.5 


0.5 

3.2 

0.16 

6-b 

7 

no 

114.6 


4.2 

1.4 

3.00 

7-a 

8 

90 

90.5 


0.6 

7.8 

0.08 

7-b 

7 

90 

S 7.8 

3.0 

2.4 

3.5 

0.69 

8-a 

8 

80 

79.3 


0.9 

3.1 

0.29 

8-b 

7 

80 

86.4 


8.0 

4.7 

1.70 

Mean 





3.2 

4.4 
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shows how great the actual error is compared with the standard error This 
value may be compared with the values m Fisher’s (9) t table (with n = N-2) 
to determine whether the standard errors provide a valid measure of the reli- 
ability of individual assays In table 4 half of the values should be less than 
0 71 to 0 74 (P = 0 5) Actually 10 out of 16 are less than 0 7 19 values out 

of 20 should be less than 2 37 to 2 78 (P = 0 05) 14 out of 16 are less than 2 2 

Likewise, 99 values out of 100 should be less than 3 5 to 4 6 (P = 001) All 
values are actually less than 3 1 None of these values in table 5 exceeds the 
tabulated value for P — 0 05 The standard errors therefore appear to have 
their usual significance as a measure of the reliability of individual assays 
The method of assay described has been used as an aid m the standardization 
of the oxytocic activity of posterior pituitary preparations 18 samples have 
been assayed by this method and 17 of them also by the U S P (10) utenne 

TABLE 5 


Results of assays * of "unknown" solutions 



NCUBIl or 
UNtNOWN 
DOSES 



STANDARD 

PER CENT 

PE* CENT 

% ERROR 

NUMBER 

POTENCY 

TOUND 

ruoi 

ZRIOS 

ERROR 

% SID ERROR 

1 

12 

so 

82 4 

1 2 

3 0 

1 4 

2 14 

2 

13 

75 

73 2 

1 9 

2 4 

2 5 

0 96 

3 

17 

120 

116 4 

3 4 

3 0 

3 0 

1 00 

4 

15 

100 

103 3 

6 1 

3 3 

5 9 

0 56 

5 

15 

no 

115 0 

3 2 

4 5 

2 7 

1 67 

6 

15 

no 

112 6 

2 1 

2 4 

1 9 

1 14 

7 

15 

90 

89 3 

3 6 

0 8 

4 0 

0 20 

8 

15 

80 

81 8 

2 3 

2 3 

2 8 

0 82 

Mean 





2 7 

3 0 



* Same assays as m table 4 but each pair fa and b) combined and calculated as one 
assay 


method The usual procedure has been to first assay a preparation by the 
chicken method and then to run aUSP a^say — the relative dosage of standard 
and unknown dependmg on the value obtained by the chicken assay Two 
preparations (1 and 2, table 6) were assayed first by the U S P method and later 
by the chicken method The results of the assays of the 18 preparations are 
shown m table 6 Results by both methods agree within the limits of error of 
the two methods as w ould be expected from the study by Smith (3) The limits 
of error are rather narrow for the chicken assays as mdicated by r the standard 
errors The U S P method does not include an estimate of the standard error 
but evidence of potency to within =b20 per cent of the potency required is 
acceptable In spite of the rather rigid specifications of the U S P method 
considerable is left to the experience and judgement of the assayist m estimating 
the reliability of individual assay s The author believ es the results of the U S P 



380 


ROBERT E. THOMPSON 


assays in table 6 to be accurate to within ±10 per cent although the possibility 
of an occasional error as high as ±20 per cent cannot be discounted. Some of 
the results are undoubtedly more reliable than others but owing to the lack of 
suitable means for making an objective estimate of the reliability of individual 
assays all of the results must be regarded as subject to an error of about ±20 
per cent. 

Two uterine assays (on preparations 7 and 16) were continued according to 
the experimental design emploj’ed for the blood pressure assays. These assays 

TABLE 6 


Assays of posterior pituitary samples 


PREPARATION 

NUMBER 

TYPE OF 
PREPARATION 

U.SF. METHOD 

CHICKEN METHOD 

Potency found 

Potency 

found 

Standard 

error 

% Standard 
error 

Number of 
unknown 
doses 

1 

liquid 

100* 

101.1 

2.5 

2.5 

25 

2 

liquid 

110* 

114.1 

5.2 

4.6 

11 

3 

powder 

100 

103.2 

2.1 

2.0 

15 

4 

powder 

77 

76.4 

1.8 

2.4 

15 

5 

powder 

95 

94.2 

3.7 

3.9 

15 

6 

powder 

94 

94.2 

1.7 

1.8 

15 

7 

powder 

47 ± 2.7** 

46.5 

0.9 

1.9 

15 

8 

powder 

50 

53.6 

1.6 

3.0 

23 

9 

powder 

110 

107.9 

3.8 

3.5 

15 

10 

powder 

71 

71.1 

3.2 

4.5 

15 

11 

liquid 

104 

104.7 

2.8 

2 7 

15 

12 

liquid 

98 

96 3 

l.S 

1.9 

15 

13 

liquid 


128.7 

2.8 

2 2 

15 

14 

powder 

77 

77.6 

2.4 

3.1 

14 

15 

powder 

100 

95.0 

4.4 

4.6 

14 

16 

liquid 

133 ± 4.5** 

150.7 

2.1 

1.4 

16 

17 

powder 

50 

49.8 

2.1 

4.2 

10 

18 

powder 

100 

99.4 

3.2 

3 2 

10 

Mean 





3 0 



l U.S.P. results obtained before chicken assay was run. 

** Standard errors. The uterine assay was continued so that data were obtained and 


interpreted as for the chicken method. 

each involved 6 doses of unknown and 7 of standard and the results were inter- 
preted as previously indicated for the chicken blood pressure method except that 
the response for the uterine method was the height of the record produced by 
contraction of the uterine strip. The results were precisely the same as for the 
U.S.P. method but are presumably more reliable as indicated by the small 
standard errors for these results. A more extensive study of the applicability 
of Vos’ (8) experimental design to the uterine method for the assay of posterior 
pituitary is under way. The chief difficulty here is in obtaining suitable uterine 
strips. Indications are that such a method cannot possibly surpass the chicken 
blood pressure method described here in simplicity, rapidity, economy or ac- 



POSTERIOR PITUITARY ASSAY 


381 


curacy Such a method would, however, provide a more suitable means of 
distinguishing differences in results by the uterine and blood pressuie methods 
of assay In the assay s of preparation 1C, table 0, for instance, there was an 
apparently distinguishable difference in potency by the two methods The 
uterme assay was contmued as previously indicated so that a more reliable result 
was obtained and the standard error could be calculated The result by each 
method has a standard error then and a formula for significant difference may be 
applied Application of the formula for significant difference given bv Bum 
(11) results in a value of 3 57 Reference to Fisher’s (9) t table shows that this 
value exceeds the 1 per cent level of probability (P — 0 01) This means that 
there is less than one chance in a hundred that the difference is due to expen- 
mental error This suggests that the chicken blood pressure method cannot 
alw ays be relied on to giv e precisely the same result as the U S P uterme method 
m the assay of the oxytocic activity of posterior pituitary 

Discussion Application of the experimental design and method of inter- 
pretation used by Vos (8) for the biological assay of ergonovinc on rabbit uterus 
to the chicken blood pressure test reported by Coon (2), as herein desenbed 
provides a simple, rapid, economical, and accurate method for the biological 
as*ay of the oxytocic activity of postenor pituitary extracts The method is 
simple because anyone familiar with manometnc methods of recording blood 
pressure can master it The calculations involve little more than simple arith- 
metic since the required formulae are provided by Vos (8) and their application 
to the present method is shown herem An assay comprising 15 doses of un- 
known and 1G dose* of standard is completed in little over one and one half hours 
An assay sufficiently accurate for most purposes, comprising seven doses of 
unknown and eight doses of standard, is completed in about forty five minutes 
It is usually possible to anesthetize a rooster, prepare it for recording blood 
pressure and then to run three or four complete assays (about 31 doses each) in a 
single day on the same rooster Rarely it is necessary to discard a rooster be 
cause of low blood pressure, lapid development of tachyphylaxis, or low sensi- 
tivity to the drug 

Ihe precisian of the method is greater than for any method previously ic- 
ported This is demonstrated by the internal evidence in each as*ay and by 
the results from the assay of solutions of know n potency 

A practical feature of the method may be pointed out In the assay of a 
postenor pituitary powder for instance, separately prepared solutions may be 
used for each half of the assay With little additional work the data from each 
half mav then be calculated separately to give fairly accurate results for each 
solution The significance of any difference may be determined mathematically 
since each result would have its standard error This provides a good check 
against errors m preparing the solutions If no significant difference occurs the 
result may be computed fiom the entire data to obtain the ultimate m precision 

SUMMVin AND CONCLUSIONS 

1 A simple, rapid, economical method is presented foi the biological assav of 
the oxytocic activity of postenor pituitary solutions 
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2. Results and reliability of individual assays are computed mathematically. 

3. The method is more accurate than any previously reported. The maxi- 
mum error obtained in the assay of solutions of “unknown” potency was 4.5 per 
cent with an average error of 2.7 per cent. 

4. Further evidence as to the agreement between results by the chicken blood 
pressure method and the official uterine method was obtained. One sample 
showed a difference in potency by the two methods which was shown to be highly 
significant statistically but the difference was only 12 per cent. 

5. If the chicken blood pressure test replaces the now official uterine method 
for the biological assay of the oxytocic activity of posterior pituitary solutions 
it should be adopted in a form that would permit the experimental design and 
method of interpretation used in this study. 
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STUDIES ON ANTIMALARIAL DRUGS 

The Excretion of Atabrine in the Urine of the Human Subject 1 
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Experiments on the metabolism of atabnne m dogs receiving six oral doses 
a week, have shown that the maximum rate of excretion in the unne and feces 
is attained within one or two weeks, and does not exceed 4% of the daily dose (1) 
Because of the extensiv e present-da} use of atabnne, these studies were under- 
taken to determine whether the rate and magnitude of excretion in the human 
subject parallels that of the dog 

Recent work on the relative specificity of anal} tical methods has shown certain 
atabnne metabolites to have solubility and fluorescent characteristics which 
would reduce the specificity of the older methods (1, 2) Extraction of the 
sample with a suitable organic solvent and followed by alkali washing results m 
a relatively pure extract Assay of this extract by the use of a sensitive photo- 
fluorometer with specific light filters, gives results more nearly approaching the 
true atabnne value than with an} other available method (1) 

Experimental Four subjects, F K O , female, age 28, M S , male, age 30, E H D , 
male, age 28, and F E K , male, age 30, were given atabrine dihydrochlonde (Winthrop 
Chemical Company) m tablet form with the evening meal in dosages of 100 mgm per day 
for 45 consecutive days Twenty-four hour unne collections were made for the two pre- 
ceding dajs and at various intervals during and after the period of treatment Aliquots 
were analysed for atabnne by the method previously described (I), using the BjPC-2 
filters and making the readings in ammoniacal 50% alcohol The extracts of the control 
urines showed no detectable fluorescence 

Results and discussion All subjects reported mild symptoms attributable 
to the atabnne administration which were difficult to ev aluate or desenbe They 
consisted for the most part of a mild diarrhea, slight general malaise and frequent 
headaches Although none of these s}mptoms could be considered a definite 
contraindication for the drug, the experience was not a pleasant one, and the 
experiment was discontinued because of the general uncomfortable feeling the 
drug induced, together with the conspicuous yellow pigmentation that developed 
dunng the last two or three weeks of administration Two other volunteers 
discontinued the experiment after the second dose of atabnne due to rather 
severe allergic-like reactions m which a profuse rhinorrhea was one of the pre- 
dominant s}mptoms 

* This work was aided bj a grant from the Dr Wallace C and Clara A Abbott Memorial 
Fund of the U mversi ty of Chicago The w ork v. as done under a contract , recommended by 
The Committee on Medical Research, between the Office of Scientific Research and De- 
velopment and The University of Chicago 

* John J Abel Fellow in Pharmacology 
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Fig. 1. Excretion of Atabrixe in 24 Hour Urine Samples in Four Human Subjects 
The ordinates represent the amount of atabrine excreted expressed as percent of the 
daily dose. The abscissa represents time in days. Atabrine dihydrochloride (100 mgm.) 
was given once a day for the first 45 days. 

exhibited the most marked. pigmentation, which suggests that this subject was 
not able to degrade the atabrine as readily as the others. 

In all cases, the daily urinary excretion of atabrine increased gradually for the 
first three or four weeks. There is some indication of a stabilization of the per- 
cent of the daily dose excreted after this interval, although the daily values for 
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M S continued to increase until tlie drug was discontinued \fter the la^t dose, 
the unnarv excretion began to drop but i significant amount was excreted e\en 
on the last daj urine samples were taken, 55 da\ s after the last dose 

SUMMARY 

The daih unnarj excretion of atabnne was studied in four subjects receiung 
100 mgm per daj for 45dajs The amount excreted rose blowlv throughout 
the expenment but in no case exceeded 11% of the dail\ dose Fifty fi\e dajs 
after the last dose appreciable amounts of atabnne were present m the unne 
All subjects showed mild toxic s>mptoms 
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All hormonally active steroids, and even some steroid compounds which pos- 
sess no hormonal activity, have definite anesthetic properties if they are ad- 
ministered by the intravenous or intraperitoneal route. This effect is not species 
specific since it has been demonstrated in the fish, bird, cat, guinea pig, mouse, 
rabbit and monkey (1-10). It was found, furthermore, that many of these 
compounds exhibit their anesthetic activity even after oral administration (11) 
and that bile does not appear to play an important role in the mechanism of 
their absorption from the intestin (12). In order to obtain the Anesthetic effect, 
it is'apparently essential to flood the organism suddenly with a high concentra- 
tion of these steroids. A good deal of attention has also been paid to the fate 
of the anesthetic steroids in the body and more particularly to the mechanism 
of their detoxification within the organism. It was found that hypophyseetomy, 
adrenalectomy and especially partial hepatectomy increase the sensitivity of 
the rat to the anesthetic effect of desoxycorticosterone acetate and progesterone. 
From this we concluded that the pituitary, adrenals and the liver are in some 
way involved in the detoxification of the steroids and that in the absence of one 
of the above-mentioned glands the sensitivity to the anesthetic effect increases 
because the hormone remains in an active form in the organism for a longer 
period than is usually the case (7). 

The anesthetic effect of the steroids appears to be a particularly suitable in- 
dicator of activity in studies concerning their absorption rate because anesthesia 
is only produced if the compounds are rapidly absorbed. Hence from the anes- 
thetic effect of a given quantity of a steroid we may gauge the speed with which 
it is absorbed. The narcotic action may also be used in the study of hepatic 
detoxification since partially hepatectomized animals are more sensitive to this 
effect than intact controls. In this manner it is possible to estimate the degree 
of hepatic detoxification by the decrease in the anesthetically-effective dose 
conditioned by partial ablation of the liver. The hormonal properties of steroids 
are less suitable for this type of test because a longer period of treatment is 
necessary to obtain them and after hepatectomy the remnant of the hepatic 
tissue undergoes such active regeneration that its function rapidly returns to 
normal. 

In view 7 of these considerations we decided to investigate the absorption rate 
and hepatic detoxification of some of the more important steroids using the 
anesthetic effect as an indicator of their potency. 

Experimental. All our experiments were performed on female albino rats weighing 
50 g. on the average (range 40-60 g.). The study of each steroid compound was performed 
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on three groups of rats Group I was partially hepatectomized and received the steroids 
in oil solution by intrapentonea! injections (concentration 20 mg per cc ), group II which 
w as also partially hepatectomized, received finely ground cry stal suspensions of the steroids 
administered orally through a stomach tube the total dose always being suspended in 1 cc 
of v ater, group III consisted of intact rats receiv mg the Bteroids orally m the same manner 
as the animals of group II Oil had to be used as a v ehicle in group I and a ater in groups 
II and III because our previous experiments showed that from the peritoneum the com 
pounds arc more readily absorbed when given in true solution— and generally speaking 
these steroids are much more soluble in oil than in water — while from the intestine even 
crystals are well absorbed but oil interferes with the absorption mechanism In each 
case varying doses of the steroids were tested in order to establish the anesthetic unit as 
previously defined (5) that is the dose just sufficient to cause loss of the righting reflex 
in 4 out of 6 rata Since fasting rats respond more uniformly to orally administered steroids 
than fed animals all the experiments of this series were performed on rats after 24 hours 
of fasting Otherwise the conditions of experimentation especially the technic of hepatec 
tomy and the interval between the operation and the administration of the steroids were 
the same as in our earlier work on this subject (5) It will be noted however that since 
fasting sensitizes the rat to the anesthetic effect of the steroids the anesthetic rat units 
recorded in this paper tend to be somew hat lower than those previously reported In the 
case of steroids which proved ineffective at all dose levels the highest dose tested is listed 
in brackets 

Our results are summarized m table 1 in w hich the systematic chemical name 
(for terminology see Selye 13) as well as, in brackets, the tm lal name of each 
compound are listed together with the melting point of our sample and the number 
of rats used Depending upon the number of experiments required to deter- 
mine the threshold anesthetic dose, the total number of experiments performed 
with each compound varied considerably However, it would take a great 
deal of space to report each experiment indi\ idually and hence they are combined 
m the table and only the total number of animals is listed to give a general idea 
of the size of the senes used The anesthetic rat unit is recorded for each of the 
three groups, as well as the ratio between the unit m groups I and II, and II 
and III respectively The ratio I II visualizes the comparative effectiveness 
of mtrapentoneal and oral administration of the steroids in the partially hepa- 
tectomized rat Trora this it will be seen that, under the conditions of our 
experiments, the acetate and £ succmate of desoxy corticosterone, pregnanedione 
and progesterone have an absorption ratio of 1 1, that is to say, they are equally 
well absorbed from the peritoneum and the intestine Methyl testosterone has 
a ratio of 1 15, indicating a somewhat better absorption from the peritoneum 
than from the alimentary tract All other steroids listed in the table proved to 
be even less readily absorbed when given by mouth These figures clearly 
indicate that there are considerable differences among the steroids as regards 
their absorbability from the gastro-mtestroal tract and that generally speaking 
the most potent anesthetics also prov ed most readily absorbable following oral 
administration The results concerning testosterone and methyl testosterone 
deserve special consideration inasmuch as the latter compound, though hormon- 
ally more actn e than the former, proved le&s activ c as an anesthetic in hepatec 
tomized animals This is in agreement with the interpretation (12) according 
to which — contrary to common belief — the great oral effectiveness of methyl 
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testosterone is not due to its ready absorbability from the gastrointestinal 
tract, but on the contrary to the fact that its absorption from the intestine is 
slow. This is detrimental for the production of anesthesia but beneficial for 
hormonal effectiveness. As judged by our figures the delay in absorption rate 
is even greater in the case of intraperitoneal than in the case of oral adminis- 
tration. 


TABLE 1 


Absorption and detoxification ratios of anesthetic steroids 


NUM- 
BER OF 
COM- 
POUND 

COMPOUND 

W.P. 

U, 

O 

u 

P 

gJ 

z 

GROUP 

ITEPA- 

TECTO- 

U12EU 

I.P. 

RATIO 

1:11 

GROUP U, 
HEPATFC- 
TOM1ZED 
P.O. 

RATIO 

11:111 

croup nr, 

NORMAL 

P.O. 

I 

17(a) - [1 - keto - 2 - hydroxy- 

•c 

192-20C 

30 

0.6 

1:1 

0.6 

1:5 

3.0 

II 

ethyl] - A 4 - androstenc - 3 - 
one-17*-acid succinate (Des- 
oxycorticosterone \ suc- 
cinate) 

17(a) - [1 - ketoethyl] - etiocho- 

120-122 

22 

0.8 

1:1 

0.8 

1:5 

4.0 

III 

lane- 3-one (PregnaDedione) 
17(a) - [1 - keto - 2 - hydroxy- 

156-157 

53 

1.0 

1:1 

1.0 

1:4 

4.0 

IV 

ethyl] - A 4 - androstene - 3 - 
one - 17 J - acetate (Desoxy- 
corticosterone acetate) 

17(a)- (1- ketoethyl] -A 4 -«n- 

122 

82 

1.0 

1:1 

2.0 

2:4 

4.0 

V 

drostenc-Z-one (Progesterone) 
17(a) - (1 - keto - 2 - hydroxy- 

185-186 

75 

1.2 

1:2.5 

3.0 

1:7 

20.0 

VI 

ethyl) - A 6 - androstene - 3(f3) 
ol - 17 J - acetate (Acetoxy- 
pregnenolone) 

A 4 - androstene - 3 - one - 17(a) - 

153-154 

77 

3.0 

1:2.2 

7.0 

1:7 

50.0 

VII 

ol (Testosterone) 

17(fl) - methyl - A 4 - androstene- 

164-165 

31 

6.0 

1:1.5 

9.0 

1:3.5 

32,0 

VIII 

3-one-17(a)-ol(Mcthyl-testos- 

terone) 

17(a) - 11 - ketoethyl] - A 5 - an- 

186-187 

21 

12.0 

1:6 

70.0 

1:>3 

nactive 

IX 

droslene-Z(fi)-o\ (Pregneno- 
lone) 

- estralriene - 3, 17(a) - 

176-177 

36 

15.0 

1:5.5 

S5.0 

1: >3 I 

(ISO) 

nactive 

X 

diol (a-estradiol) 

17 (It) - ethynyl - A 4 - androstene- 

167-26S! 

23 

20.0 

1 : >3*1 

nactive 

I 

(180) 

nactive 


3-one - 17(a) - ol (Ethynyl- 
testosterone) 

1 



1 

(60) 


(ISO) 


Comparing group II with group III we obtain the hepatic detoxification 
ratio.” Since our experiments were performed on rats which were still in pos- 
session of about 25% of their liver tissue, these ratios should obviously not be 
interpretated as indicating the actual percentage of the various compounds which 
is detoxified by the liver, as opposed to the total amount detoxified m the body. 
The ratio merely gives an estimate of the extent to which the same degree of 
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hepatic msufficiencv interferes with the detoxification of different steroids It 
will be Kept in mind that the steroids were gi\cn orally m aqueous suspension 
both m group II and III and hence the only difference between these two groups 
was the absence of the major part of the liver tissue in the former series The 
table indicates that in the case of most steroids the hepatic detoxification ratio 
is in the vicinity of I 5 or 1 4, hence, we maj say that most steroids examined 
by us become 4 to 5 times more actn e in the partially hepatectomized rat than 
they are in the intact animal It i* noteworthy, howe\er, that the lowest ratio 
1 3 5 was obsened for methyl testosterone, while testosterone was in the group 
ha\ ing the highest ratio of 1 7 That is to say , the hepatic detoxification of 
testosterone is apparently greatly inhibited by methylation This may help 
to explain the greater oial effecti\eness of methyl testosterone as compared to 
testosterone when both are given by mouth to the intact rat The fact that in 
group II, and even more markedly in group I, methyl testosterone proves con- 
siderably less active than testosterone, may be due to the abov e mentioned 
delay in the absoiption rvte conditioned by mcthvlation Hence it is rather 
probable that the increase in the hoimonal effectiveness of testosterone induced 
by methylation at Ci is due partly to a more favorable (slower) absorption rate 
and partly to a protection against hepatic detoxification 

SUMMARY 

Experiments on immature female albino rats rev ealed that there are great 
differences in the relative absorption rate of steroid hormones and hormone 
derivatives from the peritoneum and the intestine However, progesterone, 
the acetate and succinate of de-oxy corticosterone and pregnanedione, are equally 
well absorbed from the peritoneum and the intestine under the conditions of 
our experiments 

Hepatectomy was shown to sensitize the organism to the anesthetic action 
of all steroids examined In the case of most of these compounds ablation of 
75% of the li\ er tissue raised the sensitiv ity of the organism four to fix e times 
above that of intact controls but apparently the diffeient steroids arc not equally 
well detoxified by the liver 

Methyl testosteione i> les» active as an anesthetic than testosterone w hen 
assayed on partially hepatectomized rats This may be due to the delay in the 
speed of absoiption occasioned by methylation a delay which is advantageous 
for hormonal, but detrimental for anesthetic activ ity In the case of oral ad- 
ministration to intact rats, niethv 1-testosterone is more active than testosterone, 
even as an anesthetic, apparently because the much greater hepatic detoxifica- 
tion of testosterone ov er-compensates for its more advantageous (rapid) ab- 
sorption 
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Quinine is converted m vitro by certain tissues to one or more substances which 
no longer have the solubility or fluorescent characteristics of quinine (1-4) 
This report deals with the isolation and crystallization of one of the products of 
this reaction and a description of some of its chemical and physical properties 

Studies on the rate of disappearance of injected quinine from the tissues in 
various species (5 6), and observations on the enzymatic destruction of quinine 
in vitro (3, 4) showed that rabbit liver is remarkably active and hence it was used 
in this work With sheep liver, Liphin (1) isolated a substance identified as 
quitemne and with guinea pig hver another product which he was unable to 
identify However, the compound to be described here differes m its chemical 
and physical properties from either of these substances and from all known 
derivatives of quinine 

Experimental Enzymatic conversion of quinine Tw o kgm of fresh rabbit 
liver were ground and blended with eight liters of Rmger-Locke solution to which 
had been added an additional gram of glucose and of bicarbonate per liter 
Twenty-five grams of quinine hydrochloride were added, the mixture was 
stirred and aerated by a jet of air and was maintained at 38° by a water bath 
for five hours 

Isolation of the quinine degradation product The reaction mixture was made 
basic by the addition of NH<OH and extracted ircih an equal volume of n -butyl 
alcohol The alcoholic extract was diluted with an equal volume of petroleum 
ether and extracted several times with dilute H-SO* The HjSO< extract was 
made alkaline with KOH and extracted four times with ether to remove the 
quinine The KOH extracts were made acid with H2SO4 and then basic with 
NHiOH The precipitate was filtered, washed with water, dissolved in alcohol, 
diluted with water and set aside to crystallize The filtrates were combmed 
and extracted with n butyl alcohol as before to obtain a second crop of crystals 
The yield was 37% 

Physical and Chemical Properties The crystals exhibited a change in bire- 
fringence at 150° and melted to a clear yellow oil at 251° (corr ) No loss in 
weight occurred on drying for two hours at 1G0° under v acuum The molecular 
weight as determined bv depression of the camphor m p was 370 

1 This work was aided in part by a grant from the Dr Wallace C and Clara A Abbott 
Memorial Fund of the University of Chicago It was done under a contract recommended 
by the Committee on Medical Research between the Office of Scientific Research and 
Development and the University of Chicago 

* John J Abel Fellow m Pharmacology 
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The metabolite is very soluble in dilute acid or alcohol, slightly soluble in 
acetone, ethyl ether or dilute IvOH, and relatively insoluble in water, dilute 
NEUOH, petroleum ether or benzene. Butyl alcohol or chloroform extract the 
compound from dilute NH 4 OH but not from dilute KOH. 

Discussion. There is evidence of marked differences in the ability of the 
liver of different species to produce the metabolic transformation product just 
described (3). A substance having similar solubility properties was isolated 
in small amounts from the urine of 10 human subjects who had received quinine 
sulfate by mouth but the quantity obtained was insufficient for identification. 
The quinine metabolite exhibits a small amount of fluorescence under the con- 
ditions of fluorimetric assay usuallj r used for the determination of quinine (7,8). 
This fluorescence is not abolished by halogen salts, in contrast to the fluorescence 
of quinine. Since the metabolite is not extracted by ether from dilute sodium 
hydroxide or potassium hydroxide solutions, it does not appear in the final 
alkaloid extract obtained using our previously described method for quinine 
(8) and therefore does not cause falsely high readings with this method. 

Detailed studies of the toxicity and antimalarial 'activity of this compound 
are under way. A report of studies being done elsewhere on its chemical struc- 
ture will follow. 


SUMMARY 

A method for the isolation and crystallization of a newly described detoxifica- 
tion product of quinine has been presented. 
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Among its several important biological properties, p ammo benzoic acid 
(hereinafter abbreviated PABA) possesses a remarkable capacity to protect rats 
against the lethal action of mflssne do^es of such pheny 1 arsomc acid derivatives 
as ‘Atoxyl’, Acetarsone, Carbarsone, ‘Trvparsamide’, etc (1,2, 3) It has also 
been found to be an effective detoxicant of the penta\alent antimomal drug, 
‘Stibosan’ (4) and the tmalent arsenical drug, ncoarsphenarame (5) On the 
other hand, it appears to have little prophylactic value against acutely lethal 
doses of the inorganic compounds of arsenic and antimony or against such 
trivalent compounds as tartar emetic, ‘Mapharsen’, or arsphenamine (5) 
Inasmuch as the original discovery of the arsenic detoxicating property of 
PABA arose as an incidental finding from an experiment performed for an un- 
related reason, it was considered likely that further search would rev eal other 
substances of similar if not supenor protective value and at the same time, 
perhaps, provide a clue to the mechanism underlying the detoxication process 
The results of protection experiments utilizing a number of compounds of the 
aromatic senes are presented in this paper 

The selection of compounds for trial was determined largely on a basis of their 
easy availability on the present open market as w ell as on certain aspects of their 
structural relationship to PABA 

Experimental methods The conditions under which this investigation was pursued 
have been essentially those described in previous publications of this senes Rats of a 
mixed stock weighing from 90 to 125 grams were treated at dosage rates roughly in pro- 
portion to their weight They’ were kept under observation for at least 10 days before the 
results of protection tests w ere finally recorded 

As a basis for comparing the detoxicating values of the various substances subjected to 
test it was decided to utilise as tentative reference standards the extensive data on the 
toxicity of certain arsemcals and the protective effect of PABA that had accumulated from 
experiments previously completed in this laboratory It had been our experience that 
approximately 90 per cent of rats succumb within 10 days following the intrapentoneal 
injection of arsamlic acid (p amino phenyl arsomc acid) at the rate of 400 mgm /kg or of 
Carbarsone (p carbamino phenyl arsomc acid) at the rate of 1000 mgm /kg Up to that 
time not a single rat had been known to tolerate an injection of 450 mgm /kg of arsamlic 
acid or 1500 mgm /kg of Carbarsone All or nearly all of such animals would survive jf, 
prior to the arsenical PABA at a rate of 750 mgm /kg was administered either by mouth 
or by intrapentoneal injection 

Consequently in performing protection assays new compounds were injected at the rate 
of 750 mgm /kg provi ling that prior toxicity tests on a few rats had show n that thndose 
was well within the range of tolerance In order to observe a reasonable factor of safety 
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it was found necessary to administer some compounds, e.g., o-hydroxy benzoic acid, m-ni- 
trobenzoic acid, etc., by the oral route and at considerably lower dosage rates. With other 
compounds that are relatively nontoxic, e.g., nicotinic acid, the dose was elevated to 1000 
mgm./kg. or more, in order to elicit the maximum detoxicating potential. Compounds 
soluble in water or weak alkali were injected in 10 to 20 per cent solution. Water insoluble 
compounds were administered orally, either in alcoholic solution (e.g., acetanilid) orin gum 
acacia suspension (e.g., tyrosine). As already indicated, the detoxicating dose was ex- 
hibited usually from 5 to 15 minutes prior to the arsenical injection. It may be noted that 
we have been unable to demonstrate any benefit deriving from repeated injections of the 
detoxicant after the arsenical has already been given. 

Discussion. Those conversant with the rather rigid technical requirements 
, for establishing acceptably exact standards for the toxicity of arsenical drugs 
will appreciate the even greater difficulty of setting up experiments extensive 
enough as to provide statistically adequate criteria of the relative detoxicating 
capacities of a large and diverse series of compounds. 

To the extent that the detoxication trials whose results are tabulated above 
were not conducted with random samples of a homogeneous population of rats, 
all the tests being performed substantially at one time, il would be unwarranted 
to endow the “percentage survival” figures that have emerged from these tests 
with precise quantitative values. However, assays with certain related com- 
pounds (e.g., nicotinic acid and nicotinamide, benzoic acid and benzaldehyde) 
were actually run as parallel experiments and, as may be inferred from the 
tabulation, many of the assays were repeated on several occasions to substantiate 
the results and to provide assurance as to their broad reproducibility. For these 
and other reasons it appears legitimate to consider the results of detoxication 
experiments as affording at least a rough measure of the relative detoxicating 
potentials of the various compounds tested at the dosage levels specified. On 
the basis of this assumption, the following general conclusions are in our opinion 
warranted by the data. 

The ability of PABA to counteract the lethal consequence of particular massive 
doses of phenyl arsonic acid and derivatives 1 is obviously not a function of its 
specific chemical constitution. Detoxicating properties of comparable magni- 
tude are possessed not only by its ortho- and meta-isomers but also by such 
nitro-, hydroxy-, and methyl-analogues as are not per se highly toxic to the rat. 

It is also apparent that the simple unsubstituted aromatic acids of the benzoic 
series (e.g., phenyl acetic and phenyl propionic acids) are equally effective de- 
toxicants. In addition to homocyclic compounds of the benzene ring series, we 
have found pyridine 3-carboxylic (= nicotinic) acid to be a potent protective 
substance. In contrast, proline (pyrrolidine-2-carboxylic acid) appears to be 
ineffective. 

Substitution by hydroxyl- or nitro-radicals in the benzene ring of aromatic 

i Several series of detoxication tests have been run against ‘Tryparsamide’ (Sodium N 
phenyl glycine amido p-arsonate) at the dose rate of 4500 mgm./kg. and phenyl arsomc acid 
at the dose rate of 60 mgm./kg. The detoxication records of the various compounds sub- 
stantially run parallel to those obtained against Carbarsone and arsamlic acid. They arc 
omitted from the tabulated results because of their incompleteness. 
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TABLE 1 


Summary of results of detoxication assays showing percentage survival of rats 
Figures in parentheses represent the collated number of rats involved in the percentage 
calculations 


PBESCltPITVE DETOXICANT 

dose (itcu /re ) 

AND SOVTE 

A13ANHIC ACID j 

CAXBA1SOVE 

mjm A* 

«o 

mgra Af. 

w» 1 

ragm A« 

raw 

mgm As 


Controls 

14 < (150) 

8 7 (92) j 

10 8 (175) 

1 0 (95) 

V aminoberuoic acid 

H»N<( ^COOH 

750 i p 

87 (115) 

90 (20) 

94 (SO) 


m-anunobcnioic and 

H.N 

^ ^COOH 


75 (70) 

SO (10) 

i 

100 (10) 


o-aminobentoic and 

NH, 

OCOOH 

■ 

80 (20) 

90 (10) 


100 (10) 

3,6-dumIno beoioic and 

H,N 

^ ^>COOH 

H,N 

375 1 p. 

■ 


7 (15) 


p ehlorobenroic acid 

CI^ yCOOH 

eoo ip. 

80 (10) 

40 (10) 

90 (10) 

30 (10) 

p-nitrobenxoic acid 

cnOcooh 

750 ip. 

75 (20) 

90 (10) 

100 (10) 

100 (10) 

m-nitrobenioic and 

O.N 

^ yCOOH 

<00 ip. 

90 (10) 

00 (10) 

100 (10) 

M (10) 

p-hydrox ybenxoic and 

HO<^ yCOOH 

750 ip. 

80 (20) 

90 (10) ! 

100 (10) 

100 (10) 

salicylic acid 

OH 

<( ^COOH 

500 oral 

40 (10) 


50 (10) 


o-aeetyl salicylic and 

OOCCHi 
< ' ^>coon 

500 oral 

90 (10) 1 

50 (10) 

100 (10) 

50 (10) 

methyl p ammo bentoate 

HtN<^ yCOOCHi 

750 oral 



0 (10) j 
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TABLE 1 — Continued 


PRESUMPTIVE DETOJdCANT ' 

DOSE (MGM./KG.) 
AND ROUTE 

AHSANILIC ACID 

CAKBASSONE 

400 

mgm.AS' 

1 450 

mgm./kg. 

1000 

mgm./kg. 

1500 

mgm./kg. 

acetanilid 

<( ^NHCOCII; 

750 oral 

■ 

10 (10) 

u 

20 (20) 

mandelic acid 

\ yCHOHCOOH 

SB 

u 

30 (10) 

50 (10) 

30 (10) 

df-phenylalanine 

<( ^cha;hnh;COoh 

1500 oral 

40 (10) 


m 


d/.p-hydnwypbenylalanine 

HO\ /CHjCHNHjCOOH 

750 oral 

0 (15) 


30 (10) 


benznldehyde (bisulfite) 

<( )cHO‘NflH-SO, 

750 oral 

60 (10) 

85 (20) 

90 (20) 

60 (15) 

benzoic acid 

O C00H 

■9 

96 (30) 

80 (30) 

92 (40) 

95 (20) 

p-toluic acid 

HiC\ )>COQH 

H9 


95 (20) 


100 (10) 

phenyl acetic acid 
<( ^CH-COOH 

B 

100 (30) 

90 (20) 

100 (30) 

100 (20) 

p-amino phenyl acetic acid 

H;N<( yCH)COOH 

B 

100 (15) 

■ 

90 (10) 

65 (20) 

phenyl propionic acid 
<( yCHiCHiCOOH 

500 i.p. 

90 (10) 

■ 

100 (5) 

100 (10) 

benzyl succinate 

/CHAIOCCH;CHiCOOH 

750 i.p. 


95 (20) 


95 (20) 

benzoyl glycine 
^ yCONHCHtCOOH 

m 


80 (15) 


60 (20) 

p-amino benzoyl glycine 

H:N^ )CQN'HCH:C00H 

750 i.p. 

100 (10) 

85 (20) 

100 (10) 

80 (20) 

N-phenyl glycine 
^ )nHCHiCOOH 

750 i.p. 

■ 


100 (10) 

90 (10) 

nicotinic acid 

yCOOH 

I 1000 i.p. 

95 (20) 

100 (10) 

100 (10) 

60 (10) 
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TABLE 1 — Concluded 


presumptive TOXICA vr j 

nose (ucu /kg ) 

AST, BOVTE 

| ABSANJIIC ACID 

j CABBABSONE 

<00 i 

mgm A t 

<50 

mem As 

1000 

ragm Ae 

1500 

mgm As 

nicotinamide 

<^>ONH, 

1000 ip 

"0 (10) 

13 (15) 

23 (25) . 


ptoline 

H<; CHCOOH 

L> H 

IIiG CH. 

750 ip 

20 (10) 

^ 30 ro ) 

10 (10) 


e ilftnil e Acid 

HiN<^ ^SOiOU 

750 np 

30 ( 10 ) 


25 (SO) 


sulfamtam de 

IIiN<( ySOiNH 

"50 oral 

20 (IS) 


0 (10) 



acids does not significant!) impair detoxicating power unless (as m the ortho 
position isomers) the intrinsic toxicit) of the compound is therein enhanced 
Thus salic\hc acid is much less cffectne than p h) drox) benzoic acid, while 
considerable lestoration of detoxicating capacit) is shown b> its less toxic 
demative, acet)l «alic\hc acid The halogen dematnes, as lepresented b) 
p chloiobenzoic acid, also show reduced detoxicating power The onl) di 
substituted compound tested, namel) 3,5 duminobenzoic acid, was too toxic 
to show detoxicating pioperties Esterification apparenth annuls the detoxi- 
cating \alue of the aromatic acids, on the other hand little if any reduction occurs 
when an alhjl radical is introduced into the nuclcai ring (compare methyl p 
aminobenzoate with p toluic acid, aectanilid with X-phenjI glycine) Sul 
fanilic acid and its denvati\e, sulfanilamide, aie, judged b\ the results of our 
tests, essential!) without detoxicating \alue 

Trom these considerations of the aromatic compounds we raaj conclude that 
compounds w ith a free cai box) 1 (t cl carboni 1 gi oup, as in benzaldeh) de) attached 
to a closed 5 or 0 carbon nng nucleus arc most conducn c to detoxication The 
propert) persists men if the carboxjl is lemotel) attached to the nuclcai ling as 
in phen)l gl)cine or benz)l succinate 

While the effect of \anous changes in the side chain earning the carbox\l has 
not been e\tcnsi\el\ explored, it is evident that the introduction of an amino- 
or hvdi ox) 1 group in the alpha position (as, for example, m plieml alanine, 
t)rosme or mandelic acid) is associated with substantial leduced detoveating 
power This ma) well bo due to the amphoteric nature of the compound with a 
resultant reduction m aqueous solubilit) Such compounds must neeessanl) be 
administered b) mouth and ma) not be substantial absorbed from the ali- 
mentarx tiact Transfoimation of the carboxyl into an amide also sigmficantl) 
reduces the detoxicating efficac) of a compound as exemplified b) the results 
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secured with nicotinic acid and nicotinamide. The introduction of an amino- 
group into the nuclear ring may or may not be influential. It consistently re- 
duced the detoxicating potential of phenyl acetic acid, but it does not appear 
to affect the results significantly with benzoic acid and p-aminobenzoic acid or 
with benzoyl glycine and p-aminobenzoyl glycine. 

In conclusion, we are inclined to believe that the experiments here reported, 
together with those already published in these studies, are sufficient to render 
implausible the idea that detoxication of the pentavalent aromatic arsenicnls is 
a result of direct chemical combination between the varied toxicant and detoxi- 
cant compounds with the formation of relatively inert products. By the same 
token we may reject the inference that the phenomenon is to be explained on the 
basis of a competition for essential metabolites or enzyme substrates that may oc- 
cur between compounds with a high degree of structural similarity. Whether 
by virtue of a common property the various effective detoxicants are able to 
induce in the rat a physiological change that reduces the animal’s susceptibility 
to acute poisoning by overdosage with diverse pentavalent arsenical and anti- 
monial drugs is an attractive subject for future investigation. 


SUMMARY 

Continuing studies previously reported, it is here shown that many aromatic 
compounds have the property of inhibiting the lethal consequence of massive 
doses (ca. L.D. 90+) of pentavalent aromatic arsenicals in rats. In addition to 
the three isomeric forms of aminobenzoic acid, a high order of protection is con- 
ferred by the hydroxy- and nitro-analogues of PABA, as well as by other sub- 
stituted compounds which are readily soluble and not in themselves highly toxic 
to the test animal. Inasmuch as benzoic, phenyl acetic, and phenyl propionic 
acids are all highly effective, it appears that a high degree of structural similarity 
between detoxicant and toxicant is not an essential of the mechanism underlying 
the detoxication phenomenon. 
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In 1937, Edlbacher, Jucker and Baur (1) have shown that several amino acids 
(arginine, histidine and cysteine) counteract the effects of histamine upon the 
isolated guinea pig gut In 1939, Achermann and Wasmuch (2) were able to 
full}' confirm the results of the previous investigators and have shown that even 
in combination with other ammo acids forming complex protein molecules (as 
clupem which contains 80% of arginine) arginine inhibits the effects of histamine 
upon smooth muscle structures As guanidine and derivatives display like 
inhibitory action, AcRetmann (3) concluded that the guamdyl radical present 
in the arginine molecule would be responsible for the anti histamine effect On 
the basis of those findings, Ackermann assumed that the =NH amine group 
present in the arginine molecule and in the lmidazol nng of histidine, would 
compete with the like =NH group of the imidozol ring of histamine Accord 
mg to this theory , this inline radical would be the anchoring group for histamine 
to fix upon the chemical receptors of smooth musculature If a considerable 
excess of either arginine or histidine is previously added to the perfusing bath, 
histamine would have no chance to combine with the saturated chemical recep 
tors and produce its characteristic stimulant effect The interest of this theory 
is that it suggests a definite separation between the toxic effects of histamine 
(which depends on the NH 2 amine radical) and its anchoring ability to the cell 
leceptors since the amino acids which display a like capacity to combine with 
those receptors are entirelv devoid of pharmacological activity 
The possibility to separate those two functions of histamine, would enable 
one to block the grouping that is responsible for the pharmacological effect and 
at the same time to keep unchanged the capacity for histamine to anchor upon 
the chemical receptors of the cells This might provide a class of histamine 
derivatives as effective in inhibiting the histamine effects, as are argmme or 
histidine themselves Such conditions were fullfilled by the five histamine 
compounds which we have recentlv been able to svnthesize at Dr Bergmann’s 
laboratory nt the Rockefeller Institute — the acetvl dehydrophenylalnnyl 
histamine the acetyl d l pheni lalalnv 1 lustaimine, the benzoylZ,tvrosyl 
histamine the carbobenzoxv l, ty rosy 1 histamine and the carbobenzoxy l leucvl 
histamine The pharmacological studv previously picsented (5), has shown 
that they are entirely pharmacologically inactive upon the isolated guine i pig 
gut the human skin and the circulatory apparatus of the tat This shows that 
blocking the MI? ammo radical through chemical combination with the carboxyl 
groups of ammo acids would destroy the pharmacological activ itv of histamine 
1 Department of Biochemistry and Pharmacodynamics 
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On the other hand, the fact that the inline radical =NH of the imidazol ring is 
kept free in those compounds would induce one to verify whether those com- 
pounds display any competitive effect upon histamine itself. 

The experiments reported in this paper lends full support to Ackermunn’s 
theory that the anchoring group of histamine is the imine —Nil radical of the 
imidazol ring. The convenience to extend further our knowledge on the anti- 
histamine effect produced by amino acids and derivatives led us to trv several 
arginine compounds as benzoyl-Z, arginine-amide, benzoyl-Z, arginine and hip- 
purvI-nitro,f, arginine, some of them being several times as powerful as arginine 
itself. 

Experimental. The fragments of isolated guinea pig ileum were suspended in a 4 cc. 
perfusion bath, in a Dale's apparatus. Kb atropine was added. The testing solutions were 
added through common tuberculin syringes graduated in 0.01 cc. 

The compounds to be tested were accurately weighed and solutions in saline were made. 
Most of them dissolved very well and were tried in concentrations amounting to M/10 to 
M/20. Benzoyl-1, tyrosyl-histamine was dissolved after addition of an equivalent of HC1 
and the solution (M/50) was carefully neutralized just before addition to the perfusing bath. 
Benzoyl-1, arginine and hippuryl-nitro,!, arginine were used in rather dilute solutions (up 
to M/250) made up in hot saline. Just before using, the solutions were cooled to 37° and 
added to the perfusing bath. As a rule, a faint precipitate formed which would introduce 
a slight incorrection in our figures for those two compounds. Acetyl-dehydrophenyhilanyl- 
histamine HC1, acetyl -cl, l.phenylalanyl-histnmine HC1, arginine mono-hydrochloride, 
benzoyl-1, arginine-amide and histidine monohydrochloride were easily dissolved at the 
concentrations of M/10 to M/20. Consequently, the results obtained with those compounds 
are strictly quantitative and can be used for a thorough discussion of the relationship be- 
tween chemical composition and anti-histamine effect. 

Results. Experiments on the isolated guinea pig gut. To establish our reas- 
oning on solid grounds it has been necessary to devise a technique to work on 
quantitative basis. This goal was attained by determining the exact amount 
of substance necessary to extinguish the stimulant effect of known amounts of 
histamine. Thus, an arbitrary small amount of each compound was added to 
the bath and 30" allowed to elapse before adding the proper amount of histamine. 
After washing out with new Tvrode solution, a greater amount of the substance 
and (after 30") the same amount of histamine was added. This operation was 
continued until total extinction of the histamine effect was obtained. The 
quantities of the agents which produced this extinction effect provided a basis 
for a comparison of the anti-histamine activity of the compounds assayed. 

Figure la shows an example of the application of the method to the inhibitory 
effects produced by acetyl-dehydrophenylulanvl-histamine. Table 1 shows the 
relative quantities of the different compounds required to extinguish the stimu- 
lant effect of 0.02 to 0.05 t of histamine base. We can sec that arginine mono- 
hydrochloride is far less active than other arginine derivatives in which the 

QOOH or the — NH; groups or both have been blocked by benzoyl and amide 

radicals. This might suggest that protecting those groups, the inline =NII 
group of the guanidyl radical would become entirely free to combine with the 
chemical cellular receptors for histamine, since there usually is an intramolecular 
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tendency for free — COOH carboxyl group of arginine to influence the strongly 
aikaiine guanidyl radical (Zervas and Bergmann, 6). To support such inter- 
pretation, one might recall the finding of Ackermann and Wasmuth (2) that 
argininic acid H S NH • ( : Nil) • NH - CH : • CH- ■ CH» • CH - OH • COOH does not 
inhibit histamine effects. On basis of the above assumption, one might expect 
that histidine, the histamine compounds assayed, and benzoyK arginine-amide, 
which have an entirely free =NH inline group, would have a like capacity to 
inhibit the histamine effects. As can be seen in table 1, there is no substantial 
difference in the ability of those compounds to counteract histamine. 

Fig. lb, shows the relaxing effect of 0.4 cc. of acetyl-dehydrophenylalanyl-hista- 
mine (M/20) upon the sustained contraction produced by 0.1 cc. of histamine 
solution (1/5 millions). As can be seen, the effect produced by 0.3 cc. of an 



Fig. 2. Isolated Guixea Pig Gut, Same Conditions as in Fig. 1 
BTH = Benzoyi-t, tyrosyl -histamine; APH = acctyl-iM.phcnylnlanyl-histamme; ACIl 
= acetyl-dehydrophenylalanyl-histnmine (ncetyl-nminocinnnmyl-histamine); H = his- 
tamine base (1/5 millions). 

acetyl-choline solution (1/10 millions) is only partially prevented by this dose of 
the histamine compound (ACH). 

Fig. 2 shows the inhibitory effect of the histamine compounds upon the effect 
of 0.05 7 of histamine base. As can be seen, benzoyl-? , tyrosyl-hist amine, 
acetyl -d,? , phenylalanvl-bistamine, acetyl-dehydrophenylalanvl-histamine have 
an almost interchangeable inhibitory effect upon the same dose of histamine. 
Figs. 3 and 5 show a like effect produced by appropriate amounts of l , arginine 
monohvdrochloride, benzoyl-?, arginine-amide and histidine monohydrochloride. 
As can be seen, arginine is several times less active than the other compounds 

studied. . , 

Ackermann and Wasmuth (2) reported that the inhibitory effect of arginine 
is specific for histamine, since it would not extend over the stimulant action of 
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choline or acetyl-choline. We have tiied the effect of arginine, benzoj 1-1, argi- 
nine-amide and the histamine compounds upon the stimulant effect of a small 
dose of acetyl-choline Some of the typical results obtained are shown in fig. 
lb and fig 4. If it is true that the inhibitory effect upon histamine is more power- 
ful than that upon acetyl-choline, m the case that the dose of arginine is increased 
over a certain threshold, the acetyl-choline effect is also abolished. This is true, 



Fio 3 Isolated Guinea Pio Gut 

Ar = arginine monohydrochloride (M/20), B\A *» benzoyl l, argininc-amidc (M/20) 
II ** histamine 1/5 millions 



Tic 4 Isolated Guim a Pig Gut 

BAA, II and Ac mein M/20 solution of benzoyl l arginine amide, 1/5 millions solution 
of histamine and 1/10 millions solution of acetyl cliolinc respectively 

not only as regards the arginine effect, but also the effects of benzoyl-f ,argimne- 
annde, acetyl-dchj drophenylnlanj 1-histamme, acetyl d,l, plienylalanyl-hista- 
mine and histidine monohj drochlonde 
At present, there is no satisfactory' explanation for the inhibitory effect of those 
compounds upon the acety 1-choline stimulant effect. Notwithstanding that, we 
can recall that atropine, the specific inhibitor for acetyl-choline, inhibits m a 
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certain extent also the histamine effects (Feldberg, 7 ; Riesser, 8; Code, !)). This 
shows that there is a possible interdependence between the sites of attack of 
both pharmacological agents. 

Effect, upon the circulator!/ apparatus of the cal. Ackormann (4) reported that 
injecting a proper amount of histamine in a mixture with arginine (0.G gm. of 
arginine per kilo weight, in dogs), would fully inhibit the vaso-depressor action 



Fig. 5. Isolated Guinea Pig Gut 

Ac (ind BAA, arginine inonohydrochloride and benzoyl-/ , arginine-, unide (M/20) respec- 
tively. Ht — histidine monohydrochloridc M/20. 



Fig. G. Carotid Blood Pressure in the Cat (2.9 Kcsi. Body Weight) 

At the arrows, 10 ■/ of histamine were injected in mixture with cysteine hydrochloride, 
histidine monohydrochloride and saline. There was no protection afforded by cysteine and 
a partial protection by histidine. 


of the drug. More recently, Edholm (10) showed that a long treatment with 
histidine would diminish the response of the circulatory apparatus of the cat to 
an ulterior injection of histamine. 

In view of the possibility that the histamine effect upon the circulatory ap- 
paratus of mammals might be explained by its effect either upon the smooth 
musculature of the hepatic veins (in the dog), or upon the smooth muscle coats 
of the pulmonary artery (in the cat), it has been found advisable to try the in- 
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hibitory effect of arginine and histidine upon the intravenously injected hista- 
mine. The results obtained, some of which arc presented in figures 0, 7, and 8 
were rather deceiving, since even against \ery small amounts of histamine 



Fig. 7 Carotid Blood 1’rlsslri in the Cat (2 95 Kqm. Bodi Weight) 
Effects produced bv argirunc alone, histamine alone (10 7 ) and histamine (10 7 ) + 
arginine monohydrochlonde (500 mgm > , 



Fig 8 CAnoTin Blood Pressure iv the Cat (3 8 Kqm Body Weight) 

Effects produced by intravenous injection of histamine (5 7 ), histamine (5 7 ) 4- arginine 
monohydrochlonde (500mgni ) and histamine ( 57 ) + arginine monohydrochlonde (1 Ugm ) 

(2.5 to IO7), the protection affotded by 500 mgm. of arginine or histidine was 
slight or non-existent. Even when greater amounts of the amino acids (0.5 tc 
1 0 gm ) wore injected, the counteracting effects were still slight 
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As shown in table 1, to counteract 0.02 to 0.05 y of histamine, one has to add 
0.5 to 1.0 cc. of M/20 solution of argine monohydrochloride to the perfusing 
bath containing the guinea pig ileum. Calculated in mgm. per y of histamine, 
one would have to inject 0.5 to 1 gm. of arginine monohydrochloride to fully 
counteract the effects of 2 to 4 y of histamine injected intravenously. Tire 
experiments have shown that 500 mgm. to 1.5 gm. of arginine monohydrochloride, 
only partially inhibited the effects of 2.5 to 5 7 of histamine injected in a mixture 
with the amino acid. Only in one occasion it lias been possible to counteract 
the effect of 5 7 of histamine with 500 mgm. of histidine monohydrochloride 
(fig. 6). In every other case, the injection of 1.0 to 1.5 gm. of histidine was even 
followed by a definite aggravation of the histamine effects. This was shown to 
be due to the hypotensor effect of histidine itself, when injected intravenously 
in doses above 1.0 gm. The possibility that minute amounts of histamine would 
impurify the histidine crystals used has not been ruled out by further experi- 
ments, due to the difficulty to separate histamine from histidine. We have tried 
some of Hanke and Koessler’s procedures (11), without very much success. 

Discussion". The experiments referred to above have shown a new possibility 
to increase the number of anti-histamine substances. If one blocks the pharma- 
cological activity of histamine by combining its NH« group with the COOH group 
of an amino-acid, the imine group (— NH) of the imidazol ring being left intact, 
the resulting compound would display an anti-histamine effect. This wa« 
definitely shown by assaying the compounds: acetyl-dehydrophenylalanyl- 
histamine, benzoyl-1, tyrosyl-histamine and acetyl-d,l,phenylalanyl-hi.stamine, 
all of them displaying a definite anti-histamine effect when tried upon the isolated 
guinea pig gut. 

Under a pharmacological point of view it was interesting to test further on the 
theory formulated by Ackermann (4) that the inhibitory effect of arginine, 
histidine and cysteine upon the histamine effects, was due to the fact that those 
compounds had an imine (=NH) or sulfhydryl ( — SH) group which might com- 
pete with the like imine group of histamine, on its anchoring capacity upon the 
receptors of the cell effectuors. The results of the experiments presented in this 
paper conform satisfactorily with Ackermann's view. Under this respect it is 
worthy of note that benzoyl-1, arginine-amide, benzoyl-1, arginine and hippuryl- 
nitro,!, arginine are definitely more potent than arginine itself. If one recalls 
that Ackermann and Wasmuth (2) found argininic acid almost inactive, the fol- 
lowing series of decreasing inhibitory potency, might hold for arginine deriva- 
tives: 

benzoyl-Z, arginine-amide > benzoyl-1 .arginine > arginine monohydrochloride 

> argininic acid. 

This shows that blocking either the — XH; group or the —COOH group or 
both, definitely increases till a certain maximum the inhibitory effect of the 
arginine compounds upon the histamine effects on the guinea pig gut.^ 

The above experiments have shown that approximately 0.02 to 0.05 7 of 
histamine base, can be in vitro counteracted by 5 to 10 mgm. of arginine, ibis 
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ratio, 250 rogm of the amino acid to 1 7 of histamine base, might explain the 
failure of arginine to protect the guinea pig against the lethal effects of histamine, 
as has been consistently shown m several experiments performed by ourselves 
Since the lethal dose of histamine for guinea pigs amounts to 200 to 500 y of 
histamine injected intravenously , it would be necessary to inject simultaneously, 
so large amounts of arginine (50 to 100 grams!) that the experiment could not 
obviously be done 

This shows the limitations for the practical use of argmme as an anti histamine 
therapeutic agent Since the proofs are being accumulated that liberated hista 
mine is the causative factor in human allergy (Rose, 12, Rose, 13, Katz and 
Cohen, 14, Katz, 15) and as Achermann and Wasmuth (3) have shown the 
inhibitory effect of arginine upon in vitro anaphylactic reaction, one might be 
induced to try arginine as a therapeutic agent against human allergy Conclud 
mg from the animal experiments presented above, it seems rather unlikely that 
argimne might have any significance for the treatment of allergic diseases, since 
one would have to inject intravenously huge amounts of it to counterbalance the 
effects of even small amounts of histamine liberated from the tissues There 
is, however, two possibilities that might encourage one for using arguune as a 
therapeutic agent in human allergy 1) that the liberated histamine, effective in 
much smaller doses than injected histamine, might be counterbalanced by fewer 
grams of argmme, 2) any possible unexpected effect upon chronic administration 
of the amino acid 

As regards the first item, it is interesting to recall the findings of Schild (16) 
who has shown that liberated histamine is about 15 times as effective as added 
histamine, upon the isolated guinea pig gut Consequently there will be the 
possibility to reduce 15 times the necessary amount of argimne to inhibit allergic 
responses, as compared to similar responses to histamine The other possibility 
is the one investigated by Edholm (10) who has shown that a long treatment 
of cats with histidine might contribute to reduce the sensitivity of this animal 
species to the histamine effects The difficulty to have histidine preparations 
absolutely free of histamine traces, however, might suggest that the increased 
resistance obtained by Edholm against histamine, after histidine injections, 
might be due to an increase of resistance produced by chronic administration of 
minute amounts of histamine, as obtained m guinea pigs by Farmer (17), Karady 
(18), Essex and Horton (19) and others Further experiments will throw light 
on this important point 

SUMMARY 

A method of studynng quantitatively the anti histamine effects of histamine, 
argimne and histidine derivatives upon the isolated guinea pig gut is devised 
Among the argimne derivatives studied — benzoyl l , argimne amide, benzoyl l, 
argmme, hippuryl mtro,Z, argimne and argimne monohydrochloride — the ben 
zoyl l , argimne amide was many times more active than argimne monohydro 
chloride Since histidine monohy drochlonde displayed a similar inhibitory 
potencv, there was assumed that the anti histamine effect which probably de 
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pends on the =NH (inline) group of those amino acid derivatives, attains a 
maximum corresponding to the anti-histamine effect of benzoyl-l , arginine- 
amide. 

The histamine compounds studied— acetyl-dehydropbenylalanyl-histamine, 
ben zoyf-f , fyrosyl-histamine and acetyl-d,Z,pbenylaIanyl-histamine — are phar- 
macologically inactive, while still retaining its imine (— XH) group entirely free. 
They hare shown an anti-histamine potency of the order of magnitude of histidine 
monohydrochloride and benzoyl-1, arginine-amide. The perfect agreement of 
those results with Ackermann’s new that the inhibitoty effect of arginine and 
histidine depends on a competition between the imine group of those amino 
acids with the like imine group of histamine on its anchoring capacity upon the 
cellular receptors, is emphasized. 

On basis of those quantitative results obtained upon the isolated guinea pig 
iieum, if was inferred that 0.5 to 1.5 gm. of either arginine or histidine would be 
enough to counteract the depressor effect of 2 to 5 y of histamine base. The 
experiments performed in the cat gave rather deceiving results. Even when a 
sufficient excess of arginine or histidine were injected in mixture with small 
doses of histamine the counteracting effect, was small or non-existent. Some 
times the injection of 1.5 gm. of arginine or histidine in mixture with histamine, 
\ produced an aggravation of the effects of the latter. 
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pends on the =NH (inline) group of those amino acid derivatives, attains a 
maximum corresponding to the anti -histamine effect of benzoyl-f, arginine- 
amide. 

The histamine compounds studied — acetyl-dehydrophenylalanyl-histamine, 
benzoyl-Z , tyrosyl-histamine and acetyl-d , l , phenyialanyl-histamine — are phar- 
macologically inactive, while still retaining its imine (=NH) group entirely free. 
They have shown an anti-histamine potency of the order of magnitude of histidine 
monohydrochloride and benzoj’W, arginine-amide. The perfect agreement of 
those results with Ackermann’s view that the inhibitory effect of arginine and 
histidine depends on a competition between the imine group of those amino 
acids with the like imine group of histamine on its anchoring capacity upon the 
cellular receptors, is emphasized. 

On basis of those quantitative results obtained upon the isolated guinea pig 
ileum, it was inferred that 0.5 to 1.5 gm. of either arginine or histidine would be 
enough to counteract the depressor effect of 2 to 5 7 of histamine base. The 
experiments performed in the cat gave rather deceiving results. Even when a 
sufficient excess of arginine or histidine were injected in mixture with small 
doses of histamine the counteracting effect was small or non-existent. Some 
times the injection of 1.5 gm. of arginine or histidine in mixture with histamine, 
produced an aggravation of the effects of the latter. 
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